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1
HUMAN CYTOMEGALOVIRUS
IMMUNOGENIC COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/646,894, filed Mar. 12, 2020, which is a U.S.
national stage application under 35 U.S.C. § 371 of Inter-
national Application No. PCT/EP2018/074369, filed on Sep.
11, 2018, which claims priority to European Patent Appli-
cation No. 17306179.7, filed on Sep. 13, 2017, the entire
contents of each of which are incorporated herein by refer-
ence.

The invention relates to an immunogenic composition
comprising an HCMV gB antigen, an HCMV gH/gl./
UL128/UL130/UL131 pentameric complex antigen and a
Th1-inducing adjuvant. It further relates to the immunogenic
composition for use as an HCMV vaccine.

BACKGROUND OF THE INVENTION

The Human cytomegalovirus (HCMV) is a ubiquitous
virus belonging to the Herpes virus family. The virus is
composed of a linear double-stranded deoxyribonucleic acid
(DNA) contained in a capsid surrounded by a tegument and
enveloped in a lipid bilayer carrying glycoprotein spikes on
its surface. Like other members of this family, HCMV
possesses the characteristics of latency and reactivation.
HCMYV has the ability to infect and be latent in many cells.

In the immunocompetent host, most HCMV infections are
asymptomatic or very mild with a few nonspecific symp-
toms such as fatigue, malaise, moderate fever, lymphade-
nopathy, hepatomegaly or a slight increase in liver enzymes.
Heterophil-negative mononucleosis is however observed in
approximately 10% of previously healthy individuals.

In contrast, clinical manifestations can be very severe in
newborns infected in utero and in adults immunosuppressed
by AIDS or in the context of solid organ or bone marrow
transplantation.

The prevalence of HCMYV infection increases with age
and is affected by socioeconomic factors. Serological sur-
veys have shown a higher prevalence in developing coun-
tries and in lower socioeconomic groups of developed
countries. For women of child-bearing age, the proportion of
HCMV seropositive women ranges from approximately
50% in upper and middle incomes groups of developed
countries to over 80% In low-income populations. Surveys
performed in different western European countries within
the two last decades on the general population including
different age-classes, females and males showed globally
that HCMV seroprevalence in toddlers and adolescents
ranges between 40 and 50% while in older subjects (40 years
and over), HCMV seroprevalence is higher than 80%.

HCMYV is shed for a prolonged period in the secretions of
infected individuals including urine, saliva, milk, semen,
genital secretions; HCMYV is thus transmitted either hori-
zontally (through intimate contact from child to child, from
child to parents and between sex partners) or vertically from
mother to fetus or infant through the placenta or at birth
through body fluids contacts and breast feeding or by
exposure to blood products or transplanted organs.

HCMYV is the most common cause of congenital infection
in the developed world. Congenital Infection refers to infec-
tion transmitted from mother to fetus prior to birth of the
newborn. Each year in the United States, an estimated 8000
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2

infants suffer disabilities, including mental retardation,
blindness and sensorineural deafness, as a result of congeni-
tal HCMV infection.

Among congenitally infected newborns, 5% to 10% have
major manifestations at birth such as microcephaly, chori-
oretinitis, intracranial calcifications, hepatospenomegaly,
hepatitis, jaundice, direct hyperbilirubinemia, thrombocy-
topenia, petechiae, and anemia.

Among these newborns with symptomatic congenital
HCMYV disease, the mortality rate is approximately 10% in
early infancy and among survivors, 50-90% will have seque-
lae such as mental retardation, cerebral palsy, sensorineural
hearing loss or visual impairment.

Many infants with congenital HCMV infection are
asymptomatic at birth. Follow-up studies have shown that
approximately 15% of infants who are asymptomatic at birth
and identified as HCMYV seropositive in the newborn period
by virological screening will have sequelae such as hearing
loss or central nervous system abnormalities.

As a whole, approximately 17,000 infants born each year
in Europe and in the USA will have permanent sequelae.

Congenital HCMV infections are more frequent and more
severe when the primary infection occurs in the first trimes-
ter of pregnancy than when primary infection occurs later In
pregnancy. Overall, a primary HCMV infection during preg-
nancy is associated with a 40% risk of transmission to the
fetus.

Effective means of preventing or treating maternal
HCMYV infection during pregnancy or congenital HCMV
infection are currently not available.

HCMYV is also an important viral pathogen in organ and
bone marrow transplant recipients and in AIDS patients. The
rate of HCMV-associated morbidity in HCMV seronegative
solid organ transplant recipients approaches 60%. In solid
organ transplant the disease is the most severe when sero-
negative patients receive a graft from a HCMV positive
donor. In contrast, in bone marrow or stem cell transplan-
tation the disease is most severe in HCMV seropositive
subjects receiving cells from a seronegative donor showing
that the origin of HCMYV infection is reactivation of endog-
enous infection.

HCMYV causes pneumonitis, hepatitis, gastrointestinal
disease, bone marrow suppression, and retinitis in approxi-
mately 15% of allograft recipients. In addition to these direct
end-organ diseases. HCMV has been associated with indi-
rect effects such as graft rejection, accelerated atheroscle-
rosis and immunosuppression that can lead to bacterial or
fungal infection.

Development of an HCMV vaccine is therefore consid-
ered a major public health objective in Institute of Medicine
vaccine prioritization reports (Kathleen R, Stratton, Jane S,
Durch, Lawrence R S. Editors committee to study priorities
for Vaccine Development Division of Health Promotion and
Disease Prevention Institute of Medicine. In: Vaccines for
the 21st century: A tool for decision making. Washington,
D.C.: National Academy Press; 2000). Many candidate
vaccines have been described, but, so far, none has been
licensed (Plotkin et al., Vaccines, 6% edition, Ed. Elsevier,
2013, Schleiss et al., Cytomegalovirus vaccines, pages
1032-1041).

A cytomegalovirus glycoprotein-B vaccine with MF59
adjuvant showed promising results in a phase 2 randomised
placebo-controlled trial in transplant recipients (Griffiths et
al., Lancet, 2011, 377(9773):1256-63). A phase 2, placebo-
controlled, randomized, double-blind trial in women of
child-bearing age, evaluated the same vaccine consisting of
recombinant HCMV envelope glycoprotein B with MF59
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adjuvant, as compared with placebo. The results showed
50% efficacy in preventing HCMV acquisition of primary
HCMYV. However the immunogenicity results showed that
the level of neutralizing antibodies (Ab) induced by the
gB/MF59 formulation are at the peak level one month after
the administration of the 3rd dose, and then rapidly decline
(Pass et al., The New England Journal of Medicine, 2009,
360:1191-9).

As a consequence, there is a need to improve the HCMV
vaccine efficacy, in particular to find a vaccine that increases
neutralizing antibody levels and induces long-lasting pro-
tection by inducing persistent immune response. There is
also a need to find a HCMYV vaccine that more particularly
induces a broader immune response.

DESCRIPTION OF THE INVENTION

Unexpectedly, the inventors of the present invention have
now found a new immunogenic composition that complies
with these requirements.

The present invention thus relates to an immunogenic
composition comprising an HCMV gB antigen, an HCMV
gH/glL.UL128/UL130/UL131 pentameric complex antigen
and a Thl-inducing adjuvant.

In particular, said Thl-inducing adjuvant comprises:

a TLR-4 agonist; or

a polyacrylic acid polymer salt with a weight average

molecular weight Mw in the range of 350 to 650 kDa.

In one embodiment, said Thl-inducing adjuvant com-
prises a TLR-4 agonist.

In particular, said TL.R4 agonist is in combination with a
delivery system such as aqueous nanosuspension, calcium
phosphate, liposomes, virosomes, ISCOMSs, micro- and nan-
oparticles, or emulsions.

More particularly, said delivery system is an oil-in-water
emulsion.

In particular, said TLR-4 agonist is chosen from E6020
(CAS number: 287180-63-6) and a GLA (CAS Number
1246298-63-4) TLR-4 agonist.

In one embodiment, said Thl-inducing adjuvant com-
prises a linear or branched polyacrylic acid polymer salt
with a weight average molecular weight Mw in the range of
350 to 650 kDa, in particular PAA225000.

In particular, said HCMV gB antigen comprises one or
several mutations at the endoproteolytic cleavage site.

Still particularly, said HCMV gB antigen is a full length
gB polypeptide, a full length gB polypeptide lacking at least
a portion of the transmembrane domain, a full length gB
polypeptide lacking substantially all the transmembrane
domain, a full length gB polypeptide lacking at least a
portion of the intracellular domain, a full length gB poly-
peptide lacking substantially all the intracellular domain, or
a full length gB polypeptide lacking substantially both the
transmembrane domain and the intracellular domain.

More particularly, said HCMV gB antigen is gBdTm.

In particular, in the said HCMV gH/gL.UL128/UL130/
UL131 pentameric complex antigen, the gH antigen lacks at
least a portion of the transmembrane domain, preferably the
gH antigen lacks substantially all the transmembrane
domain.

More particularly, said gH comprises the ectodomain of
the full length gH encoded by UL75 gene.

Still particularly, in the immunogenic composition
according to the invention, the HCMV gB and the HCMV
gH/gl/UL128/UL130/UL131 pentameric complex are the
sole HCMV antigens.
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The present invention further relates to the immunogenic
composition according to the invention for use as an HCMV
vaccine.

In particular, said vaccine increases neutralizing antibody
levels and/or persistence.

Immunogenic Composition

As previously mentioned, the immunogenic composition
according to the invention comprises:

an HCMV gB antigen;

an HCMV gH/gl/UL128/UL130/UL131 pentameric

complex antigen; and

a Thl-inducing adjuvant.

“HCMV” is used for Human cytomegalovirus and is any
strain of Human cytomegalovirus.

The terms “comprising”/“comprises”/“comprise”/“com-
prised” encompass “including”/“includes”/“include”/“in-
cluded” respectively as well as “consisting”/“consists™/
“consist”/“consisted” respectively, e.g. a composition
“comprising” X may consist exclusively of X or may
include something additional, e.g. X+Y.

“Antigen” as used herein, has the common meaning
known by a man skilled in the art. In particular, it refers to
any molecule containing one or more epitopes (either linear,
conformational or both), that elicits an immunological
response.

In the context of the present invention, an antigen further
includes a protein having modifications, such as deletions,
additions and substitutions to the native sequence, as long as
the protein maintains sufficient immunogenicity. These
modifications may be deliberate, for example through site-
directed mutagenesis, or may be accidental, such as muta-
tions which occur during expression of the antigens in a host
cell. The antigen may also be a protein or a fragment thereof
encoded by a consensus sequence.

The antigen(s) which can be used in an immunogenic
composition according to the invention are in particular an
HCMYV gB antigen and an HCMV gH/gl /UL128/UL130/
UL131 pentameric complex antigen.

HCMYV gB Antigen

The HCMV gB antigen according to the present invention
is a full length gB polypeptide or a gB-derived polypeptide
that induces neutralizing antibodies.

gB is encoded by the UL5S5 gene of HCMV genome. The
size of the native form of gB (or gp130) depends on the size
of the open reading frame (ORF), which may vary a little
according to the strain. For example, the ORF of AD169
strain, which is 2717 bp long, encodes a full length gB of
906 amino acids whereas the ORF of Towne strain encodes
a full length gB of 907 amino acids. The protein sequences
of'these two strains are described in US 2002/0102562 (FIG.
2), incorporated by reference in its entirety. The native form
of gB contains an amino acid signal sequence that is
normally 23 to 25 amino acid long, followed by an extra-
cellular domain containing an endoproteolytic cleavage site
between residues arginine 460 and serine 461, by a trans-
membrane domain and by an intracellular domain. Usually,
the full length gB is depleted of the amino acid signal
sequence as a consequence of posttranslational mechanisms
that occur in cells. It will be well understood that suitable
full length gB for the purpose of the invention encompasses
both the full length gB of HCMYV strains Towne and AD169,
as well as other equivalent strains. Several antigenic
domains inducing neutralizing antibodies have been
described. Notably, it includes the domain that is located
between amino acid residues 461 and 680 of gp 130, this
domain being subdivided into two discontinuous domains,
the domain between residues 461 and 619 and the domain
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between residues 620 and 680 (U.S. Pat. No. 5,547,834). It
also includes the antigenic domain 1 (AD-1) located
between amino acid residues 560 and 640 (Schoppel K. et
al., Virology, 1996, 216:133-45) or the antigenic domain 2
(AD-2) located between amino acid residues 65 and 84
(Axelsson F et al., Vaccine, 2007, 26:41-6) or between
amino acid residues 27 and 84 (Burke H G et al., PLoS
pathogens, 2015, 11:e1005227). Consequently, a polypep-
tide that comprises in its amino acid sequence a sequence
homologous to one or several of the above cited antigenic
domains is also suitable for the purpose of the invention. The
term “a sequence homologous to” is intended to mean an
amino acid sequence in which there is at least 80% identity
with the amino acid sequence of the antigenic domain being
considered of the native gB originating from the Towne or
ADI169 strain (which are described in US 2002/0102562).
Typically, the sequence homology is based on a sequence
identity of at least 90% and, even more specifically, the
sequence homology is complete (sequence identity of
100%).

As used herein, a first sequence having at least x %
identity with a second sequence means that x % represents
the number of amino acids in the first sequence which are
identical to their matched amino acids of the second
sequence when both sequences are optimally aligned via a
global alignment, relative to the total length of the second
amino acid sequence. Both sequences are optimally aligned
when x is maximum. The alignment and the determination
of the percentage of identity may be carried out manually or
automatically using a global alignment algorithm, for
instance the Needleman and Wunsch algorithm, described in
Needleman and Wunsch, J. Mol Biol., 48, 443-453 (1970),
with for example the following parameters for polypeptide
sequence comparison: comparison matrix: BLOSUMG62
from Henikoff and Henikoff, Proc. Nati. Acad. Sci. USA.,
89, 10915-10919 (1992), gap penalty: 8 and gap length
penalty: 2; and the following parameters for polynucleotide
sequence comparison: comparison matrix: matches=+10,
mismatch=0; gap penalty: 50 and gap length penalty: 3.

A program which may be used with the above parameters
is publicly available as the “gap” program from Genetics
Computer Group, Madison Wis. The aforementioned param-
eters are the default parameters respectively for peptide
comparisons (along with no penalty for end gaps) and for
nucleic acid comparisons.

Among the gB-derived peptides or polypeptides that are
suitable for the object of the invention is gp 55 as described
in U.S. Pat. No. 5,547,834. It is derived from the cleavage
of gB at the endoproteolytic cleavage site; its amino acid
sequence corresponds to that which is between serine resi-
due 461 and the C-terminal end. Truncated forms of gp 55
can also be used, such as a gp 55 depleted of all or part of
the transmembrane sequence and of all or part of the
intracellular C-terminal domain (for example, a peptide
having a sequence homologous to the amino acid sequence
of the native gB between residues 461 and 646) or a gp 55
depleted of all or part of the intracellular C-terminal domain
(for example, a peptide having a sequence homologous to
the amino acid sequence of the native gB between residues
461 and 680). Such truncated forms of gp 55 are also
described in U.S. Pat. No. 5,547,834, incorporated by ref-
erence in its entirety.

It is also possible to use a mutated form of the full length
gB that carries one or several mutations at the endoprote-
olytic cleavage site such that the latter is made ineffectual.
In particular, the mutation(s) is (are) located between resi-
dues 457 and 460 of the sequence of gpl30 and, more

10

15

20

25

30

35

40

45

50

55

60

65

6

particularly, are located at arginine 460 and/or lysine 459
and/or arginine 457. In this aspect, the mutated form of the
full length gB carries the entire extracellular domain with all
the domains that are targets for neutralizing antibodies. Such
mutated forms can be secondarily depleted of all or part of
the transmembrane sequence and/or of all or part of the
intracellular C-terminal domain in order to allow their
secretion in the host when produced as recombinant proteins
and their easy downstream purification. Such gB-derivatives
are preferred in so far as substantially all the domains that
are targets for neutralizing antibodies are conserved.

Therefore, in one aspect of the invention the HCMV gB
comprises one or several mutations on the endoproteolytic
cleavage site, and in particular the HCMV gB is in addition
selected from among the group of a full length HCMV gB,
a full length HCMV gB lacking at least a portion of the
transmembrane domain, a full length gB polypeptide lacking
substantially all the transmembrane domain, a full length gB
polypeptide lacking at least a portion of the intracellular
domain, a full length HCMV gB lacking substantially all the
intracellular domain, and a full length HCMV gB polypep-
tide lacking substantially both the transmembrane domain
and the intracellular domain.

The expression “lacking substantially all the intracellular
domain” or “lacking substantially all the transmembrane
domain” means that at least 80% of the amino acid sequence
corresponding to the said domain is deleted.

In the context of the present invention, by “lacking at least
aportion of'a domain”, is meant lacking at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%
or at least 70% but lacking less than 80% of the domain.

In one embodiment, the HCMV gB antigen is the ectodo-
main of gB, i.e. a full length gB depleted of all the trans-
membrane sequence and of all the intracellular C-terminal
domain. The “ectodomain” is the portion of a transmem-
brane anchored protein that extends beyond the membrane
into the extracellular space.

The HCMV gB antigen according to the present invention
may also contain other mutations and/or deletions and/or
additions. For instance, the HCMV gB antigen may contain
at least one amino acid deletion or substitution in at least one
of the fusion loop 1 (FL1) domain and fusion loop 2 (FL2)
domain located in the extracellular domain as described in
EP2627352. Alternatively or in addition, it may contain a
deletion of at least a portion of the leader sequence as
described in EP2627352. The HCMV gB antigen according
to the present invention may also comprise a mutation that
results in a glycosylation site within hydrophobic surface 1
(amino acid residues 154-160 and 236-243) as described in
W02016092460. In particular, said glycosylation site is an
N-glycosylation site comprising an N-X-S/T/C motif,
wherein X is any amino acid residue (but preferably not
proline). The HCMV gB antigen may comprise a mutation
that results in a glycosylation site, wherein said glycosy-
lation site is (1) within hydrophobic surface 2 (amino acid
residues 145-167 and 230-252); or (2) at a residue that is
within 20 angstroms from fusion loop 1 (FL1) (amino acid
residues 155-157) and/or fusion loop 2 (FL2) (amino acid
residues 240-242), as described in W02016092460. The
HCMYV gB antigen may comprise a heterologous sequence
that is at least 12 residues long at the C-terminus as
described in W02016092460. In particular, the gB protein
may be a fusion protein wherein the heterologous sequence
is fused at the C-terminus of the ectodomain.

Native HCMV gB has been postulated to be a homotrimer
based on the 3D crystallography structure of gB proteins in
related viruses, Herpes Simplex Virus 1 (HSV-1) gB and
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Epstein Barr Virus (EBV) gB, which are homotrimers
(Heidwein et al., Science, 2006, 313:217-220; Backovic of
al., PNAS, 2009, 106(8):2880-2885). The HCMV gB anti-
gen according to the present invention may be in a trimeric
(native form), and/or hexameric (dimer of the trimeric native 5
form), and/or dodecameric (dimer of hexamer) form. In
particular, the HCMV gB antigen part of the immunogenic
composition according to the present invention is substan-
tially not in a monomeric form, more particularly not in a
monomeric form. The expression “is substantially not in a 10
monomeric form” means that less than 20%, in particular
less than 10%, in particular less than 5%, of the HCMV gB
antigen is in a monomeric form.

According to an embodiment, the gB antigen comprises
an amino acid sequence which has at least 80% identity with 15
SEQ ID NO: 1. In particular, said gB antigen comprises an
amino acid sequence which has at least 85% identity, at least
90% identity, at least 95% identity, at least 97% identity, at
least 98% identity, at least 99% identity or even 100%
identity with SEQ ID NO: 1: SSTRGTSATHSHHSSHTT- 20
SAAHSRSGSVSQRVTSSQTVSHGVNETIYNTTLKYG-
DVVGV NTTKYPYRVCSMAQGTDLIRFERNIVCTSM-
KPINEDLDEGIMVVYKRNIVAHTFKVRVYQK VLTF-
RRSYAYIHTTYLLGSNTEYVAPPMWEIHHINSHSQC-
YSSYSRVIAGTVFVAYHRDSY ENKTMQLMPDDYS- 25
NTHSTRYVTVKDQWHSRGSTWLYRETCNLNCMVTIT-
TARSKYPYH FFATSTGDVVDISPFYNGTNRNASYF-
GENADKFFIFPNYTIVSDFGRPNSALETHRLVAFL ER-
ADSVISWDIQDEKNVTCQLTFWEASERTIRSEAED-
SYHFSSAKMTATFLSKKQEVNM SDSALDCV- 30
RDEAINKLQQIFNTSYNQTYEKYGNVSVFETTG-
GLWFWQGIKQKSLVELER  LANRSSLNLTHNTTQT-
STDGNNATHLSNMESVHNLVYAQLQFTYDTLRGY-
INRALAQIAE AWCVDQRRTLEVFKELSKINPS-
AILSATYNKPIAARFMGDVLGLASCVTINQTSVK-
VLRDM NVKESPGRCYSRPVVIFNFANSSYVQYG-
QLGEDNEILLGNHRTEECQLPSLKIFIAGNSA  YEY-
VDYLFKRMIDLSSISTVDSMIALDIDPLENTDFRVLE-
LYSQKELRSSNVFDLEEIMREF NSYKQRVKY-
VEDKRLCMQPLQNLFPYLVSADGTTVTSGNTKDT-
SLQAPPSYEESVYNS  GRKGPGPPSSDASTAAPPYT-
NEQAYQMLLALVRLDAEQRAQQNGTDSLDGQ-
TGTQDK GQKPNLLDRLRHRKNGYRHLKDSDEE-
ENV.

In a preferred embodiment the gB antigen comprises an
amino acid sequence which has 100% identity with SEQ ID
NO: 1.

An HCMV gB antigen that is particularly suitable in the
context of the present invention is a truncated form of the
full length gB depleted of all or part of the C-terminal
domain and/or depleted of all or part of the transmembrane
sequence and in which the cleavage site is ineffectual. A
truncated form of gB that is particularly preferred corre-
sponds to that which is described in U.S. Pat. No. 6,100,064,
called gBdTM, incorporated by reference in its entirety. In
U.S. Pat. No. 6,100,064 the signal sequence was hypothe-
tized as 24 amino acids long and the amino acid positions
were indicated accordingly on FIG. 10.

The Inventors have discovered that this signal sequence is
in fact 25 amino acids long. In FIG. 10 of U.S. Pat. No.
6,100,064 all the amino acid positions indicated C-terminal
of the Ser-1 (i.e. C-terminal to the signal sequence) have so
to be decreased from 1. Accordingly gBdTM carries three
mutations at the cleavage site (Arginine 432 is substituted by
Threorine, Lysine 434 is substituted by Glutamine and
Arginine 435 is substituted by Threonine; taking into
account the renumbered positions) and a deletion in the
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transmembrane region between amino acid residues valine
676 and arginine 751 (taking into account the renumbered
positions), such that the extracellular domain is directly
connected to the cytoplasmic domain. Such gB-derived
polypeptide is easier to purify as it is produced by recom-
binant cells expressing this product under a secreted form.
The resulting form is an 806 amino acid long polypeptide
deleted of its signal sequence and of its transmembrane
region when it is derived from the gB Towne strain.

The HCMYV gB protein described herein or the peptides or
polypeptides derived therefrom may be synthesized by any
method well-known to the man skilled in the art. Such
methods include conventional chemical synthesis, in solid
phase (R. B. Merrifield, J. Am. Chem. Soc., 85 (14),
2149-2154 (1963)), or in liquid phase, enzymatic synthesis
(K. Morihara, Trends in Biotechnology, 5(6), 164-170
(1987)) from constitutive amino acids or derivatives thereof,
cell-free protein synthesis (Katzen et al., Trends in Biotech-
nology, 23(3), 150-156 (2005)), as well as biological pro-
duction methods by recombinant technology.

For example, the HCMV gB antigen can be obtained
using a biological production process with a recombinant
host cell. In such a process, an expression cassette, contain-
ing a nucleic acid encoding an HCMV gB antigen as
described herein, is transferred into a host cell, which is
cultured in conditions enabling expression of the corre-
sponding protein. The protein thereby produced can then be
recovered and purified. Methods for the purification of
proteins are well-known to the skilled person. The obtained
recombinant protein can be purified from lysates and cell
extracts or from the culture medium supernatant, by meth-
ods used individually or in combination, such as fraction-
ation, chromatographic methods, immunoaffinity methods
using specific mono- or polyclonal antibodies, etc. In par-
ticular, the obtained recombinant protein is purified from the
culture medium supernatant.

The HCMV gB protein or the peptides or polypeptides
derived therefrom are usually obtained by recombinant
DNA techniques and purified according to methods well
known to those skilled in the art. The methods described in
U.S. Pat. No. 6,100,064 and in US 2002/0102562, incorpo-
rated by reference in their entirety, can in particular be used.

For example, the gB antigen according to the invention is
a recombinant glycoprotein, which is produced in Chinese
hamster ovary (CHO) cell cultures. The gB gene from the
Towne strain of HCMV can be mutagenized to remove the
cleavage site and the transmembrane portion of the molecule
in order to facilitate secretion in cell culture as described in
U.S. Pat. No. 6,100,064. The secreted molecule is a poly-
peptide of 806 amino acids, retaining 19 potential N-linked
glycosylation sites, and is also called gBdTm. The purifi-
cation process involved affinity and ion-exchange chroma-
tography steps.

HCMV gH/gl/UL128/UL130/UL.131 Pentameric Com-
plex Antigen

Another antigen part of the immunogenic composition
according to the invention is the HCMV gH/gl./UL128/
UL130/UL131 pentameric complex antigen.

Said pentameric complex is assembled through disulfide
bonds and non-covalent interactions among the five com-
ponents to form a functional complex able to present con-
formational epitopes (Ciferri et al., PNAS, 2015, 112(6):
1767-1772; Wen et al., Vaccine, 2014, 32(30):3796-3804).

Said complex has already been described and is known by
the man skilled in the art. It is in particular described in
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Ryckman et al. (Journal of Virology, January 2008, p. 60-70)
and in patent application W02014/005959. Said HCMV
gH/glL.UL128/UL130/UL131 pentameric complex can in
particular comprise a modified HCMV gH polypeptide,
wherein said polypeptide lacks at least a portion of the
transmembrane (TM) domain. In some embodiments, the gH
polypeptide can retain a portion of the natural TM domain,
but not enough to let the protein stay in a lipid bilayer. In a
preferred embodiment the gH polypeptide lacks substan-
tially all the transmembrane domain. In a more preferred
embodiment the gH polypeptide lacks the full-length natural
TM domain.

Thus, the gH polypeptide can contain up to 10 amino
acids (e.g. 1, 2,3,4,5,6,7, 8,9 or 10 amino acids) of the
natural gH TM domain.

In the context of the present invention, by “lacking at least
aportion of'a domain”, is meant lacking at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%
or at least 70% but lacking less than 80% of the domain.

The expression “lacking substantially all the intracellular
domain” or “lacking substantially all the transmembrane
domain” means that at least 80% of the amino acid sequence
corresponding to the said domain is deleted.

Alternatively or in addition to lacking a portion or all of
the TM domain, the polypeptide may lack a portion or
substantially all or all the intracellular domain of HCMV
gH.

In a preferred embodiment the gH polypeptide lacks
substantially all the intracellular domain. In a more preferred
embodiment the gH polypeptide lacks the full-length natural
intracellular domain.

In a preferred embodiment, the gH polypeptide lacks all
the TM domain and all the intracellular domain.

In one embodiment, said gH comprises the ectodomain of
the full length gH encoded by UL75 gene.

HCMYV glycoprotein H (gH), which is encoded by the
UL75 gene, is a virion glycoprotein that is essential for
infectivity and which is conserved among members of the
alpha-, beta- and gamma-herpes viruses. It forms a stable
complex with gl., and the formation of this complex facili-
tates the cell surface expression of gH. Based on the crystal
structures of HSV-2 and EBV gH/gl. complexes, the gl.
subunit and N-terminal residues of gH form a globular
domain at one end of the structure (the ‘head’), which is
implicated in interactions with gB and activation of mem-
brane fusion. The C-terminal domain of gH, proximal to the
viral membrane (the ‘tail’), is also implicated in membrane
fusion. In one embodiment, the gH polypeptide in the
pentameric complex described herein comprises an amino
acid sequence which has at least 80% identity with SEQ ID
NO: 2. In particular, the gH antigen comprises an amino acid
sequence which has at least 85% identity, at least 90%
identity, at least 95% identity, at least 97% identity, at least
98% identity, at least 99% identity or even 100% identity
with SEQ ID NO: 2: RYGAEAVSEPLDKAFHLLLN-
TYGRPIRFLRENTTQCTYNNSLRNSTVVRENAISFNF
FQSYNQYYVFHMPRCLFAGPLAEQFLNQVDLTET-
LERYQQRLNTYALVSKDLASYRSFS QQLKAQD-
SLGEQPTTVPPPIDLSIPHVWMPPQTTPHGWTESH-
TTSGLHRPHFNQTCILF DGHDLLFSTVTPCLHQ-
GFYLIDELRYVKITLTEDFFVVTVSIDDDTPML-
LIFGHLPRVLFKA  PYQRDNFILRQTEKHELLVLVK-
KDQLNRHSYLKDPDFLDAALDFNYLDLSALLRN-
SFHRY  AVDVLKSGRCQMLDRRTVEMAFAYALAL-
FAAARQEEAGAQVSVPRALDRQAALLQIQEF  MIT-
CLSQTPPRTTLLLYPTAVDLAKRALWTPNQITDITSL-
VRLVYILSKQNQQHLIPQWALR QIADFALKLHKTH-
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LASFLSAFARQELYLMGSLVHSMLVHTTERREIFIV-
ETGLCSLAELSHF TQLLAHPHHEYLSDLYTPCSSS-
GRRDHSLERLTRLFPDATVPATVPAALSILSTMQPSTLE
TFPDLFCLPLGESFSALTVSEHVSYVVTNQYLIKGI-
SYPVSTTVVGQSLIITQTDSQTKCEL. TRNMHTTHSI-
TAALNISLENCAFCQSALLEYDDTQGVINIMYMH-
DSDDVLFALDPYNEVVV  SSPRTHYLMLLKNGTVL-
EVTDVVVDATDSR.

In a preferred embodiment the gH polypeptide comprises
an amino acid sequence which has 100% identity with SEQ
ID NO: 2.

HCMYV glycoprotein L. (gl) is encoded by the UL115
gene. gl. is thought to be essential for viral replication and
all known functional properties of gl are directly associated
with its dimerization with gH. The gl./gH complex is
required for the fusion of viral and plasma membranes
leading to virus entry into the host cell.

According to one embodiment, the gl polypeptide in the
pentameric complex described herein comprises an amino
acid sequence which has at least 80% identity with SEQ ID
NO: 3. In particular, the gl antigen comprises an amino acid
sequence which has at least 85% identity, at least 90%
identity, at least 95% identity, at least 97% identity, at least
98% identity, at least 99% identity or even 100% identity
with SEQ ID NO: 3: AAVSVAPTAAEKVPAECPELTRR-
CLLGEVFQGDKYESWLRPLVNVTGRDGPLSQLI
RYRPVTPEAANSVLLDEAFLDTLALLYNNPDQL-
RALLTLLSSDTAPRWMTVMRGYSECG DGSPAV-
YTCVDDLCRGYDLTRLSYERSIFTEHVLGFELVP-
PSLFNVVVAIRNEATRTNRA VRLPVSTAAAPE-
GITLFYGLYNAVKEFCLRHQLDPPLLRHLDKYY-
AGLPPELKQTRVNLP AHSRYGPQAVDAR.

In a preferred embodiment the gl. polypeptide comprises
an amino acid sequence which has 100% identity with SEQ
ID NO: 3.

According to an embodiment, the UL128 polypeptide in
the pentameric complex described herein comprises an
amino acid sequence which has at least 80% identity with
SEQ ID NO: 4. In particular, the UL128 antigen comprises
an amino acid sequence which has at least 85% identity, at
least 90% identity, at least 95% identity, at least 97%
identity, at least 98% identity, at least 99% identity or even
100% identity with SEQ ID NO: 4: EECCEFINVNHPPER-
CYDFKMCNRFTVALRCPDGEVCYSPEKTAEIR-
GIVITMTHS LTRQVVHNKLTSCNYNPLYLEAD-
GRIRCGKVNDKAQYLLGAAGSVPYRWINLEYDKITRI
VGLDQYLESVKKHKRLDVCRAKMGYMLQ.

In a preferred embodiment the UL 128 polypeptide com-
prises an amino acid sequence which has 100% identity with
SEQ ID NO: 4.

UL130 is the central and the largest (214 codons) gene of
the UL131A-128 locus. Conceptual translation of the gene
predicts a long (25 amino acids) N-terminal signal sequence
that precedes a hydrophilic protein containing two potential
N-linked glycosylation sites (Asn85 and Asnl18) within a
putative chemokine domain (amino acids 46 to 120) and an
additional N-glycosylation site (Asn201) close to the end of
aunique C-terminal region. UL130 is predicted to lack a TM
domain.

It has been reported to be a luminal glycoprotein that is
inefficiently secreted from infected cells but is incorporated
into the virion envelope as a Golgi-matured form (Patrone,
et al.: “Human Cytomegalovirus UL130 Protein Promotes
Endothelial Cell Infection through a Producer Cell Modifi-
cation of the Virion.”, Journal of Virology 79 (2005):
8361-8373).
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According to an embodiment, the UL 130 polypeptide in
the pentameric complex described herein comprises an
amino acid sequence which has at least 80% identity with
SEQ ID NO: 5. In particular, the UL130 antigen comprises
an amino acid sequence which has at least 85% identity, at
least 90% identity, at least 95% identity, at least 97%
identity, at least 98% identity, at least 99% identity or even
100% identity with SEQ ID NO: 5. SPWSTL-
TANQNPSPLWSKLTYSKPHDAATFYCPFIYPSPPR-
SPLQFSGFQRVLTGP ECRNETLYLLYNREGQTLVER-
SSTWVKKVIWYLSGRNQTILQRMPRTASKPSDG-
NVQIS VEDAKIFGAHMVPKQTKLLRFVVNDGTRY-
QMCVMKLESWAHVFRDYSVSFQVRLTFTE
ANNQTYTFCTHPNLIV.

In a preferred embodiment the UL130 polypeptide com-
prises an amino acid sequence which has 100% identity with
SEQ ID NO: 5.

UL131, also called UL131A, function is required for
HCMYV replication not only in endothelial cells but also in
epithelial cells. According to an embodiment, the UL131A
polypeptide in the pentameric complex described herein
comprises an amino acid sequence which has at least 80%
identity with SEQ ID NO: 6. In particular, the UL131A
antigen comprises an amino acid sequence which has at least
85% identity, at least 90% identity, at least 95% identity, at
least 97% identity, at least 98% Identity, at least 99%
identity or even 100% identity with SEQ ID NO: 6:
QCQRETAEKNDYYRVPHYWDACSRALPDQT-
RYKYVEQLVDLTLNYHYDASHGLDNFDV  LKRIN-
VTEVSLLISDFRRQNRRGGTNKRTTFNAAGSLA-
PHARSLEFSVRLFAN.

In a preferred embodiment the UL131 polypeptide com-
prises an amino acid sequence which has 100% identity with
SEQ ID NO: 6.

SEQ ID NO: 2 to 6 are from the strain BE/28/2011
(Genbank ID KP745669, Kremkow et al., 2015).

In the pentameric complex antigen part of the immuno-
genic composition of the invention, gH, gl. and UL128 can
be linked through disulfide bonds, but UL130 and UL131A
can be incorporated into the pentameric complex by non-
covalent interactions. For example, the UL 130 protein and/
or UL131A protein is incorporated into the pentameric
complex by non-covalent interactions. Furthermore, the
UL130 protein and/or UL131A protein may be inter-linked
by non-covalent interactions.

A range of conformational epitopes for the pentameric
complex are known. For example, Macagno (Macagno et
al.: “Isolation of human monoclonal antibodies that potently
neutralize human cytomegalovirus infection by targeting
different epitopes on the gH/gl.UL128-131A complex.”,
Journal of Virology 84 (2010):1005-13) isolated a panel of
human monoclonal antibodies that neutralized HCMYV infec-
tion of endothelial, epithelial, and myeloid cells. In one
embodiment, the pentameric complex antigen part of the
immunogenic composition of the invention possesses one or
more of the conformational epitopes identified by Macagno
(2010).

Each protein of the pentameric complex antigen may
contain mutations, such as insertions, deletions and substi-
tutions, so long as these mutations are not detrimental to the
use of the proteins as antigens. In addition, such mutations
should not prevent the capacity of the proteins to form a
pentameric complex according to the invention. The ability
to form a pentameric complex of the invention can be tested
by performing protein purification, and analyzing the pro-
teins by non-reducing PAGE, Western blot and/or size
exclusion chromatography. If the proteins form part of a
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complex, they may all be present in a single band on a native
PAGE gel and/or be present in a single peak in a size
exclusion chromatogram.

Expression of said pentameric complex can be realized
according to methods known by the man skilled in the art.
Mention can be made for example of the method described
in Hofmann et al. (Biotechnology and Bioengineering,
2015).

Suitable expression systems for use in the context of the
present invention are well known to the man skilled in the
art and many are described in detail in Doyle (Doyle, ed.
High Throughput Protein Expression and Purification:
Methods and Protocols (Methods in Molecular Biology).
Humana Press, 2008). Generally, any system or vector that
is suitable to maintain, propagate and express nucleic acid
molecules to produce a polypeptide in the required host may
be used. The appropriate nucleotide sequence may be
inserted into an expression system by any of a variety of
well-known and routine techniques, such as, for example,
those described in Sambrook (Sambrook, J. Molecular Clon-
ing: A Laboratory Manual. 3rd. Cold Spring Harbor Labo-
ratory Press, 2000). Generally, the encoding gene can be
placed under the control of a control element such as a
promoter, and, optionally, an operator, so that the DNA
sequence encoding the desired peptide is transcribed into
RNA in the transformed host cell. Examples of suitable
expression systems include, for example, chromosomal,
episomal and virus-derived systems, including, for example,
vectors derived from: bacterial plasmids, bacteriophage,
transposons, yeast episomes, insertion elements, yeast chro-
mosomal elements, viruses such as baculoviruses such as
described in patent application WO2015170287, papova
viruses such as SV40, vaccinia viruses, adenoviruses, fowl
pox viruses, pseudorabies viruses and retroviruses, or com-
binations thereof, such as those derived from plasmid and
bacteriophage genetic elements, including cosmids and
phagemids. Human artificial chromosomes (HACs) may
also be employed to deliver larger fragments of DNA than
can be contained and expressed in a plasmid.

In order to express the five different recombinant proteins
of the HCMV gH/gl/UL128/UL130/UL131 pentameric
complex antigen simultaneously and in an equimolar way,
there are several possibilities. A first possibility (1) for the
HCMV gH/gl/UL128/UL130/UL131 pentameric complex
antigen part of the immunogenic composition of the present
invention is to build a single vector containing all five ORFs
under the control of the same or similar regulations elements
(promoter, enhancer, splice signal, termination signal . . . )
and optionally a selection system for cell line selection. The
vector could contain five expression cassettes (for instance
as described in Albers et al., J. Clin. Invest., 2015, 125(4):
1603-1619; or in Cheshenko et al., Gene Ther., 2001, 8(11):
846-854), or the five components (gH, gl., UL128, UL130
and UL131) could be fused in a single ORF with elements
triggering the proper polyprotein maturation into the five
proteins of the HCMV gH/gl /ULL128/UL130/UL131 pen-
tameric complex antigen (for instance self-cleavable
sequences as described in Szymczak-Workman et al., Cold
Spring Harb. Protoc., 2012, 2012 (2): 199-204). In that
second case, the equimolarity is guaranteed, assuming all
cleavage occur correctly. Another possibility (2) for the
HCMV gH/gl/UL128/UL130/UL131 pentameric complex
antigen part of the immunogenic composition of the present
invention is to build five vectors each expressing one
component of the HCMV gH/gl./ULL128/UL.130/UL131
pentameric complex antigen and optionally a selection sys-
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tem for cell line selection. The five vectors are co-trans-
fected in the target cell line. Any intermediate system
between possibility (1) and possibility (2) could also be
designed to minimize the number of vectors required and
maintain each vector to a reasonable size (less than 12 kb,
for example).

Suitable expression systems include microorganisms such
as bacteria transformed with recombinant bacteriophage,
plasmid or cosmid DNA expression vectors; yeast trans-
formed with yeast expression vectors; insect cell systems
infected or transfected with virus expression vectors (for
example, baculovirus such as described in patent application
WO02015170287); plant cell systems transformed with virus
expression vectors (for example, cauliflower mosaic virus,
CaMV; tobacco mosaic virus, TMV) or with bacterial
expression vectors (for example, Ti or pBR322 plasmids); or
animal cell systems. Cell-free translation systems can also
be employed to produce the proteins.

Examples of suitable plant cellular genetic expression
systems include those described in U.S. Pat. Nos. 5,693,506;
5,659,122; 5,608,143 and Zenk (1991): “Chasing the
enzymes of secondary metabolism: Plant cell cultures as a
pot of goal. Phytochemistry, 30(12), pp 3861-3863. Zess
NaukUMK Tomu, 13: 253-256. In particular, all plants from
which protoplasts can be isolated and cultured to give whole
regenerated plants can be used, so that whole plants are
recovered which contain the transferred gene. Practically all
plants can be regenerated from cultured cells or tissues,
including but not limited to all major species of sugar cane,
sugar beet, cotton, fruit and other trees, legumes and veg-
etables.

HEK?293 cells are suitable for transient expression of the
HCMYV proteins of the pentamer complex according to the
invention due to their high transfectability by various tech-
niques, including the calcium phosphate and polyethylen-
imine (PEI) methods. A useful cell line of HEK293 is one
that expresses the EBNA1 protein of EBV, such as 293-6E
(Loignon, et al.: “Stable high volumetric production of
glycosylated human recombinant [FNalpha2b in HEK293
cells.”, BMC Biotechnology 8 (2008): 65). Transformed
HEK293 cells have been shown to secrete high levels of the
protein into the growth medium, thus allowing the purifi-
cation of such protein complexes directly from the growth
medium.

CHO cells are particularly suitable mammalian hosts for
industrial production of the HCMYV proteins and in particu-
lar for industrial production of the HCMV gH/gl/UL128/
UL130/UL131 pentameric complex antigen part of the
immunogenic composition according to the invention.

Transfection can be carried out by a range of methods
well known in the art including using calcium phosphate,
electroporation, or by mixing a cationic lipid with the
material to produce liposomes which fuse with the cell
membrane and deposit their cargo inside.

Methods for purifying recombinant proteins from cell
supernatant or from inclusion bodies are well known in the
art. In particular the HCMV gH/gl.ULL128/UL.130/UL131
pentameric complex antigen part of the immunogenic com-
position according to the invention may be purified by
size-exclusion chromatography.

In particular, the immunogenic composition according to
the invention does not comprise an HCMYV virus.

In particular, the immunogenic composition according to
the invention is an immunogenic composition as described
herein, wherein the HCMV gB and the HCMV
gH/gl.UL128/UL130/UL131 pentameric complex are the
sole HCMV antigens.
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Th1-Inducing Adjuvant

“Adjuvant” as used herein, has the meaning commonly
known by a man skilled in the art. In particular, it refers to
agents or substances that modulate the immunogenicity of
an antigen. “Modulate the immunogenicity” includes
enhancing the magnitude and/or duration of an immune
response generated by an antigen. More specifically the
adjuvants can also be classified according to the type of
immune response they induce in the presence of the antigen.
The adjuvant(s) which can be used in an immunogenic
composition according to the invention are Thl-inducing
adjuvants.

A “Th-inducing” adjuvant can be defined as an adjuvant
which enhances the Thl response to an antigen or a com-
bination of antigens.

An immune response may be broadly divided into two
extreme categories, being a humoral or cell mediated
immune response (traditionally characterized by antibody
and cellular effector mechanisms of protection respectively).
These categories of response have been termed Thl-type
responses (cell-mediated response), and Th2-type immune
responses (humoral response). In mice, Thl-type responses
are often characterized by the generation of antibodies of the
IgG2a or IgGG2c subtype (depending on the mouse strain),
whilst in humans these may correspond to 1gG1 and 1gG3
type antibodies. Th2-type immune responses are character-
ized by the generation of a broad range of immunoglobulin
isotypes including in mice IgG1, IgA, and IgM. Thl-type
and Th2-type immune responses are also characterized by
different patterns of cytokine secretion (Mosmann et al.,
Annual Review of Immunology, 1989, 7: 145-173; Constant
et al., Annual Review of Immunology, 1997, 15: 297-322).
A Th1-type immune response is associated with an increased
production of IFN-y and/or 1L.-2 cytokines by T-lympho-
cytes while a Th-2 type immune response is associated with
an increased production of IL-4, IL.-5, 1L-6, IL-13, and/or
IL-10 cytokines. The distinction of Thl and Th2-type
immune responses is not absolute. In reality, a subject will
support an immune response which is described as being
predominantly Thl or predominantly Th2. Traditionally the
best indicators of the Thl:Th2 balance of the immune
response after a vaccination or infection include direct
measurement of the production of Thl or Th2 cytokines by
T lymphocytes in vitro upon stimulation with antigen, and/or
the measurement (at least in mice) of the IgG1:1gG2a,c ratio
of antigen specific antibody responses.

Also, in the scope of the immunogenic composition
according to the invention, an adjuvant that induces pre-
dominantly a Thl-type immune response is considered as a
Th1-inducing adjuvant. Preferentially the adjuvant(s) which
can be used in an immunogenic composition according to
the invention induce predominantly a Thl-type immune
response.

As previously mentioned, this can be determined by
measurement of the IgG1:1gG2a,c ratio in mice. An increase
of INF-y is an additional indicator of predominant Thl
response. Preferably, a decreased production of IL-5 is also
observed.

Preferably, the Thl-inducing adjuvants which can be used
in the immunogenic composition according to the invention
comprising an HCMV gB antigen and an HCMV gH/gl ./
UL128/UL130/UL131 pentameric complex antigen induce a
more Thl-biased response profile than MF59 in a compo-
sition comprising the same HCMV gB antigen and the same
HCMV gH/gl/UL128/UL130/UL131 pentameric complex
antigen.
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MF59 is a squalene-based oil-in-water emulsion
described in patent application W090/14837, U.S. Pat. Nos.
6,299,884 and 6,451,325, and in Ott et al., “MF59—Design
and Evaluation of a Safe and Potent Adjuvant for Human
Vaccines” in Vaccine Design: The Subunit and Adjuvant
Approach (Powell, M. F. and Newman, M. J. eds.) Plenum
Press, New York, 1995, pp. 277-296).

In particular, the Thl-inducing adjuvants which can be
used in the immunogenic composition according to the
invention comprising an HCMV gB antigen and an HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen
induce a lower IgG1:1gG2a,c ratio in mice than MF59 in a
composition comprising the same HCMV gB antigen and
the same HCMV gH/gl/UL128/UL130/UL131 pentameric
complex antigen.

More particularly, the Thl-inducing adjuvants which can
be used in the immunogenic composition according to the
invention comprising an HCMV gB antigen and an HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen
induce a higher INF-y level in mice than MF59 in a
composition comprising the same HCMV gB antigen and
the same HCMV gH/gl/UL128/UL130/UL131 pentameric
complex antigen.

Even more particularly, the Thl-inducing adjuvants
which can be used in the immunogenic composition accord-
ing to the invention comprising an HCMV gB antigen and
an HCMV gH/gl /UL128/UL130/UL131 pentameric com-
plex antigen induce a lower IL.-5 level in mice than MF59 in
a composition comprising the same HCMV gB antigen and
the same HCMV gH/gl/UL128/UL130/UL131 pentameric
complex antigen.

Still even more particularly, the Thl-inducing adjuvants
which can be used in the immunogenic composition accord-
ing to the invention comprising an HCMV gB antigen and
an HCMV gH/gl /UL128/UL130/UL131 pentameric com-
plex antigen induce a lower IgG1:1gG2a,c ratio and a higher
INF-y level in mice than MF59 in a composition comprising
the same HCMV gB antigen and the same HCMV gH/gl/
UL128/UL130/UL131 pentameric complex antigen.

In particular, the Thl-inducing adjuvants which can be
used in the immunogenic composition according to the
invention comprising an HCMV gB antigen and an HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen
induce a lower IgG1:1gG2a,c ratio and a lower IL-5 level in
mice than MF59 in a composition comprising the same
HCMYV gB antigen and the same HCMV gH/gl/UL128/
UL130/UL131 pentameric complex antigen.

More particularly, the Thl-inducing adjuvants which can
be used in the immunogenic composition according to the
invention comprising an HCMV gB antigen and an HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen
induce a lower IgGG1:1gG2a,c ratio, a higher INF-y level and
a lower IL-5 level in mice than MF59 in a composition
comprising the same HCMV gB antigen and the same
HCMV gH/gl/UL128/UL130/UL131 pentameric complex
antigen.

In particular, the immunogenic composition according to
the invention is an immunogenic composition comprising:

an HCMV gB antigen;

an HCMV gH/gl .ULL128/UL.130/UL131 pentameric com-

plex antigen; and

a Thl-inducing adjuvant,
wherein said Th1-inducing adjuvant induces in mice a lower
1gG1:1gG2a,c ratio, and/or a higher INF-y level, and/or a
lower IL-5 level than MF59 in a composition comprising the
same HCMV gB antigen and the same HCMV gH/gl./
UL128/UL130/UL131 pentameric complex antigen.

10

15

20

25

30

35

40

45

50

55

60

65

16

In particular, Thl-inducing adjuvant according to the
invention comprises:

a TLR-4 agonist; or

a linear or branched polyacrylic acid polymer salt with a

weight average molecular weight Mw in the range of
350 to 650 kDa.

In particular, an immunogenic composition according to
the invention is an immunogenic composition comprising:

an HCMV gB antigen;

an HCMV gH/gl/UL128/UL130/UL131 pentameric

complex antigen; and

a Thl-inducing adjuvant,
wherein said Thl-inducing adjuvant comprises:

a TLR-4 agonist selected from the group consisting of a

lipopolysaccharide, a monophosphoryl lipid A (MPL),
a 3-de-O-acylated monophosphoryl lipid A (3D-MPL),
a glucopyranosyl lipid adjuvant (GLA), a second-
generation lipid adjuvant (SLA), a phospholipid dimer
connected by a noncarbohydrate backbone and an
aminoalkyl glucosaminide phosphate, or a derivative
thereof;, or

a polyacrylic acid polymer salt with a weight average

molecular weight Mw in the range of 350 to 650 kDa.

In one embodiment, said Thl-inducing adjuvant com-
prises a TLR-4 agonist.

A TLR (toll-like receptor) agonist is understood to mean
a natural TLR ligand, a TLR ligand mimic, a synthetic or
chemical TLR ligand, a cell or particle including a pathogen
associated molecular pattern, a microbial pathogen, a bac-
terium, a virus and viral-like particle.

TLR4 (toll-like receptor type 4) is a receptor expressed by
antigen-presenting cells of the immune system; it is involved
in early defense mechanisms against gram-bacterial infec-
tions. The lipopolysaccharide (LPS) of gram-bacteria is the
natural ligand for TLR4; it activates the receptor, which
triggers a cascade of biochemical events, in particular the
activation of Nf-Kappa B transcription factor, and the pro-
duction of pro-inflammatory cytokines. The ability of a
compound to stimulate the TL.R4 pathway can be evaluated
by methods known by those skilled in the art, as described
for instance in the Journal of Biological Chemistry, (2001),
vol 276(3), page 1873-1880.

Examples of TLR4 agonists include monophosphoryl
lipid A (MPL), or a derivative thereof, particularly 3-de-O-
acylated monophosphoryl lipid A (3D-MPL) as described in
GB2211502 or in U.S. Pat. No. 4,912,094, or a derivative
thereof, Phosphorylated hexaacyl disaccharide also called
glucopyranosyl lipid adjuvant or GLA (CAS Number
1246298-63-4) or a derivative thereof, second-generation
Lipid Adjuvant (SLA) such as described in Carter et al.,
Clin. Transl. Immunology, 2016, 5(11):el08 or in
EP2437753 or U.S. Pat. No. 9,480,740, or a derivative
thereof, aminoalkyl glucosaminide phosphates (AGPs) as
described in WO 98/50399 or in WO 01/034617, or a
derivative thereof, in particular RC529 described in U.S.
Pat. No. 6,113,918, or a derivative thereof, and chemical
compounds or a phospholipid dimer (homodimer or het-
erodimer) connected by a noncarbohydrate backbone as
described in US 2003/0153532 or in US 2005/0164988, or
a derivative thereof, in particular the compounds identified
and exemplified in US 2003/0153532 under the following
names: ER803022 (CAS number: 287180-56-7), ER803058
(CAS number: 287180-57-8), ER803732 (CAS number:
287106-29-0), ER803789 (CAS number: 287180-61-4),
ER804053 (CAS number 287180-62-5). ER804057 (CAS
number: 287180-63-6), ER804058 (CAS number: 287180-
65-8), ER804059 (CAS number:287180-64-7), ER 8044442
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(CAS number: 287180-78-3), ER 804764 (CAS number:
287180-87-4), ER111232 (CAS number: 287180-48-7),
ER112022 (CAS number: 287180-46-5), ER112048 (CAS
number: 287106-02-9), ER112065 (CAS number: 287180-
49-8), ER112066 (CAS number: 287180-50-1), ER113651
(CAS number: 287180-51-2), ER118989 (CAS number:
287180-52-3), ER119327 (CAS number: 287180-54-5) and
ER119328 (CAS number: 287180-55-6), or a derivative
thereof. These compounds have generally one or several
asymmetric carbons. When these compounds have one or
several asymmetric carbons, they can be used as a mixture
of optical isomers or under the form of a specific isomer.

In particular, said TL.R-4 agonist is chosen from a phos-
pholipid dimer connected by a noncarbohydrate backbone
and a GLA TLR-4 agonist.

In particular, the TLR4 agonist is a phospholipid dimer
connected by a noncarbohydrate backbone.

In particular, the TL.LR4 agonist is a chemical compound or
a phospholipid dimer connected by a noncarbohydrate back-
bone of formula I, II, IIT or IV:

Compound or phospholipid dimer connected by a non-
carbohydrate backbone of formula I

Xl J— Rl — Yl
(CHp), (CHy)p
e ¢ N
(@] (@]
HO—-P=0 O=P—OH
(@] (@]
(CHy)q (CHy),
X2 Y2
4 N2
W (Cl)z (CHp)e W
2 l/ P 3 5/
R G, G R
\ /
(CHp)gr (CHy)er
e Gt
/ \
R* R? R® R’

Compound or phospholipid dimer connected by a non-
carbohydrate backbone of formula II

X!—R!—Y!
(CHa)a (CHo)p
o o
HO—-P=0 O0=P—OH
0 0
(CHa)a (CHz).
X2 \'e
4 \e
W (CHy)z (CHy)y W
N\ 7 Y/
R? G! G R
\ /
(CHa)g (CHy)e
e Gt
/ \
R* R? R7 R6

Compound or phospholipid dimer connected by a non-
carbohydrate backbone of formula III
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1 1
~p”
(CHy), (CHy)p
d )
a I
ZI/N\O—P=O o=P—o/N\z2
g g
I I
(CHy)g (CHz).
X2 Y?
/ \
W e (CHy)y w2
\RZ Gl/ \G3 RZ/
\ /
(CHy)gr (CHz)er
e Gt
R“/ R? R® \R7

Compound or phospholipid dimer connected by a non-
carbohydrate backbone of formula IV

1 1
X 1 Y,

,(CHz)a (CH2)s
RIZ_N+_R12 RIZ_\N+_R12
(CHy)g (CHy),

X2 Y?
{ \
W\ (C/Hz)d' (CHy) W2
R? G! \G3 R?
(CHp)a (CHy),r
e Gt

/
R* R? R® \R7

in which, for each of formula I, II, I1I or IV, R! is selected

from the group consisting of:

a) C(O);

b) C(O)—(C,-C, alkyl)-C(O), in which said C,-C, , alkyl
is optionally substituted with a hydroxyl, a C,-C;
alkoxy, a C,-C; alkylenedioxy, a (C,-C; alkyl)amino or
a (C,-C4 alkyDaryl, in which said aryl moiety of said
(C,-C; alkylaryl is optionally substituted with a C;-Cs
alkoxy, a (C,-C5 alky)amino, a (C,-C5 alkoxy)amino, a
(C,-Cs alkyl)-amino(C,-C5 alkoxy), —O—(C,-Cs
alkyl)amino (C,-C5 alkoxy), —O—(C,-C5 alkyl)
amino-C(0)—(C, -C, alkyl)-C(O)OH, or —O—(C,-C4
alkyl)amino-C(O)»—(C,-C5 alkyl)-C(O)—(C,-Cy)al-
kyl;

c) an alkyl comprising a C,-C, 5 linear or branched chain,
optionally substituted with a hydroxyl or an alkoxy;
and

d) —C(OHC,-C, , arylene)-C(O)— in which said arylene
is optionally substituted with a hydroxyl, a halogen, a
nitro or an amino;

a and b are independently O, 1, 2, 3 or 4:

d, d', d", e, e and e" are independently O, 1, 2, 3 or 4;

X', X2, Y' and Y? are independently selected from the
group consisting of null, an oxygen, NH and N (C(O)
(C,-C, alkyl)), and N(C,-C, alkyl);

W' and W? are independently selected from the group
consisting of a carbonyl, a methylene, a sulfone and a
sulfoxide;



US 11,207,403 B2

19

R? and R® are independently selected from the group
consisting of:

a) a C, to C,, straight chain or branched chain alkyl,
which is optionally substituted with an oxo, a hydroxyl
or an alkoxy;

b) a C, to C,, straight chain or branched chain alkenyl or
dialkenyl, which is optionally substituted with an oxo,
a hydroxyl or an alkoxy;

c) a C, to C,, straight chain or branched chain alkoxy,
which is optionally substituted with an oxo, a hydroxyl
or an alkoxy;

d) NH—(C, to C,, straight chain or branched chain
alkyl), in which said alkyl group is optionally substi-
tuted with an oxo, a hydroxy or an alkoxy; and

°)

in which Z is selected from the group consisting of an O and
NH, and M and N are independently selected from the group
consisting of an alkyl, an alkenyl, an alkoxy, an acyloxy, an
alkylamino and an acylamino comprising a C,-C,, linear or
branched chain; R and Re are independently selected from
the group consisting of a C, to C,, straight chain or branched
chain alkyl or alkenyl, optionally substituted with an oxo or
a fluoro; R* and R’ are independently selected from the
group consisting of a C(OHC, to C,, straight chain or
branched chain alkyl or alkenyl), a C, to C,, straight chain
or branched chain alkyl, a C, to C,, straight chain or
branched chain alkoxy, and a C, to C,, straight chain or
branched chain alkenyl; in which said alkyl, alkenyl or
alkoxy groups can be independently and optionally substi-
tuted with a hydroxyl, a fluoro or a C,-C; alkoxy; G,, G,, G5
and G, are independently selected from the group consisting
of'an oxygen, a methylene, an amino, a thiol, —C(O)NH—,
—NHC(O)— and —N(C(O)(C,-C, alkyl)-:

or G’R* or G*R” can together be a hydrogen atom or a
hydroxyl;

and in which, for formula III:

a' and b' are independently 2, 3, 4, 5, 6, 7 or 8, preferably 2;
7' is selected from the group consisting of —OP(O)(OH),,
—P(0)(OH),, —OP(O)(OR®*)(OH) where R® is a C,-C,
alkyl chain, —OS(0),OH, —S(0),0H, —CO,H, —OB
(OH),, —OH, —CH,, —NH,, and —NR?®, where R’ is a
C,-C, alkyl chain;

7? is selected from the group consisting of —OP(O)
(OH),, —P(0)(OH),, —OP(O)(OR'°)(OH) where R'° is a
C,-C, alkyl chain, —OS(0),0OH, —S(0),0H, —CO,H,
—OB(OH),, —OH, —CH,, —NH, and —NR'" where R*
is a C,-C, alkyl chain;

and in which, for formula IV:

R'?is H or a C,-C, alkyl chain;

or a pharmaceutically acceptable salt of the compound or
the phospholipid dimer connected by a noncarbohydrate
backbone of formula I, II, III or IV.

In particular, the TLR4 agonist according to the invention
is a chemical compound or phospholipid dimer connected by
a noncarbohydrate backbone of formula I,
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XI_RI_YI
(CHy), (CHy)p
v ¢ N
| |
HO—I|’=O O=I|’—OH

| |
(CHya (CHy),

X2 Y2
/ \
W' (CHyae (CHy)y w2
\ / \ /
R? G! G R
\ /

(CHp)gr (CHy).r
G2 Gt

/
R* R? R® \R7

or a pharmaceutically acceptable salt of this compound or
phospholipid dimer connected by a noncarbohydrate back-
bone.

Preferably,

R! is C(O) or C(OHCH,),—C(O), n being 1, 2, 3 or 4,

a, b, d, d, d" e, e and e" are independently 1 or 2,

X1, X2, Y1 and Y2 are NH,

W1 and W2 are C(O),

R? and R’ are independently selected from the group
consisting of a C,,-C, 5 straight chain alkyl optionally sub-
stituted with an oxo, an NH—(C, ,-C, 5 straight chain alkyl),
and

in which M and N are independently a C2 to C20 straight
chain alkyl or alkenyl,

R3 and R6 are C5-C10 straight chain alkyls,

R4 and R7 are selected from the group consisting of a
hydrogen, C(OHC8-C12 straight chain alkyl) or C(O) (C8
C12 straight chain alkenyl),

G1 and G3 are an oxygen or —NH(CO)—,

G2 and G4 are an oxygen.

In particular, the TLR4 agonist according to the invention
is a symmetric phospholipid dimer (homodimer) connected
by a noncarbohydrate backbone. More particularly, the
symmetric phospholipid dimer connected by a noncarbohy-
drate backbone is a dimer of a triacyl phospholipid. More
particularly, said TLR-4 agonist is E6020 (CAS number:
287180-63-6).

In particular, said TLR-4 agonist is GLA (CAS Number
1246298-63-4).

These TLLR4 agonists can also be themselves combined
with a delivery system such as calcium phosphate, lipo-
somes, virosomes, ISCOMs, micro- and nanoparticles, or
emulsions.

As such, in particular, TLR4 agonist according to the
invention is in combination with a delivery system such as
aqueous nanosuspension, calcium phosphate, liposomes,
virosomes, ISCOMs, micro- and nanoparticles, or emul-
sions.



US 11,207,403 B2

21

Such delivery systems have been previously described
and are well known by the man skilled in the art.

In particular, said TLR-4 agonist is chosen from E6020
(CAS number: 287180-63-6) and a GLA (CAS Number
1246298-63-4) TLR-4 agonist.

As an example of suitable formulation of a TLR4 agonist
combined with a delivery system, citation can be made of an
oil-in-water emulsion comprising as TL.R4 agonist the com-
pound ER 804057 (now called E6020) (CAS number:
287180-63-6), which is the disodium salt of the compound
having the following chemical formula:

0 0
HN)J\/”\(CHZ)IOCH3
NaO
\ _O 0 (CH)6CH3
O—P
A
0 (CHy)1oCH;
HN
o o}
0
BN )J\
O (CHy)10CH3,

\_\ o
! /\)\

0—F_

e o/ﬁ/\o (CH,)CH;

HN\"/\H/ (CH)10CH3

(6] (6]

The four asymmetric carbons of E6020 are all in in the R
configuration (R,R,R,R). Such an emulsion can be obtained
for instance by microfluidisation techniques as described in
WO 2004/060396 or by a phase inversion temperature
process (PIT process) as described in WO 2007/080308.

As such, in particular, TLR4 agonist according to the
invention is in combination with an oil-in-water emulsion,
more particularly, a squalene-based oil-in-water emulsion.

An oil-in-water emulsion suitable for the purpose of the
invention comprises a metabolizable oil (wherein the vol-
ume of oil represents 0.5 to 20% of the total volume of the
emulsion (v/v), in particular 1 to 10% (v/v) and more
particularly 1 to 5% (v/v)), an aqueous solution (wherein the
volume of the aqueous solution represents 80 to 99.5% of
the total volume (v/v), in particular 90 to 99% (v/v)) and one
or several emulsifying agent(s) (wherein the total amount of
the emulsifying agent represents 0.001 to 5% of the total
amount of the emulsion (w/w), in particular 0.001 to 2%
(w/w), and more particularly 0.01 to 2% (w/w)). The
metabolizable oil is commonly one having about 6 to about
30 carbon atoms including, but not limited to, alkanes,
alkenes, alkynes, and their corresponding acids and alco-
hols, the ethers and esters thereof, and mixtures thereof. The
oil can be essentially any plant oil, fish oil, animal oil or
synthetically prepared oil that can be metabolized by the
body of the human subject to which the emulsion compo-
sitions will be administered and that is not substantially
toxic to the subject. The metabolizable oil can be an unsatu-
rated hydrocarbon having from 20-40 carbons, or a
branched, polyunsaturated hydrocarbon having from 20-40
carbon atoms, for example, terpenoids. An unsaturated ter-
penoid known as squalene, 2,6,10,15,19,23-hexamethyl-2,
6,10,14,18,22-tetracosahexaene and its saturated analog,
squalane, are often preferred. Fish oils, including squalene
and squalane, are readily available from commercial sources
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or may be obtained by methods known in the art. Another oil
commonly used is tocopherol. Where a composition
includes a tocopherol, any of the ., f3, v, 9, € or & tocopherols
can be used but a-tocopherols are preferred. A substantial
number of suitable emulsifying agents (also referred as
surfactants, detergents and so forth) are used in the phar-
maceutical sciences, many of which are useful in the com-
position of the emulsion of the present invention, so long as
they are sufficiently non-toxic. There are a number of
emulsifying agents specifically designed for and commonly
used in biological situations. For example, a number of
biological detergents (surfactants) are listed as such by
Sigma Chemical. Such surfactants are divided into four
basic types: anionic, cationic, zwitterionic, and nonionic.

Examples of anionic detergents include alginic acid,
caprylic acid, cholic acid, 1-decanesulfonic acid, deoxy-
cholic acid, 1-dodecanesulfonic acid, N-lauroylsarcosine,
and taurocholic acid.

Cationic detergents include dodecyltrimethylammonium
bromide, benzalkonium chloride, benzyldimethylhexadecyl
ammonium chloride, cetylpyridinium chloride, methylben-
zethonium chloride, and 4-picoline dodecyl sulfate.

Examples of zwitterionic detergents include 3-[(3-
cholamidopropyl)-dimethylammonio]-I-propanesulfonate
(commonly abbreviated CHAPS), 3-[(cholamidopropyl)
dimethylammoniol-2-hydroxy-1-propanesulfonate  (com-
monly abbreviated CHAPSO), N-dodecyl-N,N-dimethyl-3-
ammonio-1-propanesulfonate, phosphatidylcholineandlyso-
alpha-phosphatidylcholine.

Examples of nonionic detergents include decanoyl-N-
methylglucamide, diethylene glycol monopentyl -ether,
n-dodecyl beta-D-glucopyranoside, poloxamers, ethylene
oxide condensates of fatty alcohols (e.g., those sold under
the trade name Lubrol), polyoxyethylene ethers of fatty
acids (particularly C12-C20 fatty acids), polyoxyethylene
sorbitan fatty acid esters (e.g., sold under the trade name
Tween®), and sorbitan fatty acid esters (e.g., sold under the
trade name Span).

A particularly useful group of surfactants are the sorbitan-
based non-ionic surfactants. These surfactants are typically
prepared by dehydration of sorbitol to give 1,4-sorbitan,
which is then reacted with one or more equivalents of a fatty
acid. The fatty-acid-substituted moiety may be further
reacted with ethylene oxide to give a second group of
surfactants.

The fatty-acid-substituted sorbitan surfactants are typi-
cally made by reacting 1,4-sorbitan with a fatty acid such as
lauric acid, pamitic acid, stearic acid, oleic acid, or a similar
long chain fatty acid to give the 1,4-sorbitan mono-ester,
1,4-sorbitan sesquiester or 1,4-sorbitan triester. The com-
mon names for some of these surfactants include, for
example, sorbitan monolaurate, sorbitan monopalmitate,
sorbitan monostearate, sorbitan monooleate, sorbitan ses-
quioleate, and sorbitan trioleate. These surfactants are com-
mercially available under the names SPAN® or ARLA-
CELS. SPAN® and ARLACELS surfactants are lipophilic
and are generally soluble or dispersible in oil. They are also
soluble in most organic solvents. In water they are generally
insoluble but dispersible. Generally these surfactants will
have a hydrophilic-lipophilic balance (HLB) number
between 1.8 and 8.6. Such surfactants can be readily made
by means known in the art or are commercially available.

A related group of surfactants comprises polyoxyethylene
sorbitan monoesters and polyoxyethylene sorbitan triesters.
These materials are typically prepared by addition of ethyl-
ene oxide to a 1,4-sorbitan monoester or triester. The addi-
tion of polyoxyethylene converts the lipophilic sorbitan
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mono- or triester surfactant into a hydrophilic surfactant
generally soluble or dispersible in water and soluble to
varying degrees in organic liquids. The TWEENS surfac-
tants may be combined, for example, with a related sorbitan
monoester or triester surfactant to promote emulsion stabil-
ity. TWEEN® surfactants generally have a HLB value
falling between 9.6 and 16.7. TWEEN® surfactants are
commercially available from a number of manufacturers, for
example ICI America’s Inc., Wilmington, Del. under the
registered mark ATLAS® surfactants.

Another group of non-ionic surfactants that could be used
alone or in conjunction with SPAN®, AR[LLACEL and/or
TWEENS surfactants are the polyoxyethylene fatty acids
made by the reaction of ethylene oxide with a long-chain
fatty acid. The most commonly available surfactant of this
type is solid under the name MYRIS and is a polyoxyeth-
ylene derivative of stearic acid. MYRI® surfactants are
hydrophilic and soluble or dispersible in water, like
TWEEN® surfactants. The MYRI® surfactants may be
blended, for example, with TWEEN® surfactants or with
TWEEN®/SPAN® or with ARLACEL® surfactant mix-
tures for use in forming emulsions. MYRIS surfactants can
be made by methods known in the art or are available
commercially from ICI America’s Inc.

Another group of polyoxyethylene based non-ionic sur-
factants are the polyoxyethylene fatty acid ethers derived
from lauryl, acetyl, stearyl and oleyl alcohols. These mate-
rials are typically prepared as above by addition of ethylene
oxide to a fatty alcohol. The commercial name for these
surfactants is BRIJ®; BRIJ® surfactants may be hydrophilic
or lipophilic depending on the size of the polyoxyethylene
moiety in the surfactant. While the preparation of these
compounds is available from the art, they are also readily
available from such commercial sources as ICI America’s
Inc.

Other non-ionic surfactants that may be used in the
practice of this invention are, for example: polyoxyethyl-
enes, polyol fatty acid esters, polyoxyethylene ethers, poly-
oxypropylene fatty ethers, bee’s wax derivatives containing
polyoxyethylene, polyoxyethylene lanolin derivatives, poly-
oxyethylene fatty glycerides, glycerol fatty acid esters or
other polyoxyethylene acid alcohols or ether derivatives of
long-chain fatty acids of 12-22 carbon atoms. Preferably, the
polyoxyethylene alkyl ether is chosen from the group con-
sisting of ceteareth-12 (sold under the name Eumugin® B1),
ceteareth-20 (Eumulgin® B2), steareth-21 (Fumulgin®
S21), ceteth-20 (Simulsol® 58 or Brij® 58), ceteth-10
(Brij® 56), steareth-10 (Brij® 76), steareth-20 (Brij® 78),
oleth-10 (Brij® 96 or Brij® 97) and oleth-20 (Brij® 98 or
Brij® 99). The number attributed to each chemical name
corresponds to the number of ethylene oxide units in the
chemical formula. In a particular aspect, the polyoxyethyl-
ene alkyl ether is BR1J 56 or polyoxyethylene (12) cetoste-
aryl ether, provided by the company Cognis under the name
Eumulgin® WB1. Among the sorbitan ester and mannide
ester based surfactants with a HLB less than 9 that are
particularly suitable, mention may be made of the sorbitan
monooleate sold under the name Dehymuls SMOTM or
Span®80. Among the mannide ester-based surfactants, men-
tion may be made of the mannide monooleate sold by the
company Sigma, or by the company Seppic under the name
Montanide 80™.

Two or more surfactants can be combined in the emulsion
part of the composition of the present invention.

The aqueous solution of the O/W emulsion part of the
composition of the present invention is buffered saline or
unadulterated water. Because the composition of the inven-
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tion is intended for parenteral administration, it is preferable
to make up final buffered solutions used as vaccines so that
the tonicity, i.e., osmolality, is essentially the same as normal
physiological fluids in order to prevent post-administration
swelling or rapid absorption of the composition because of
differential ion concentrations between the composition and
physiological fluids. It is also preferable to buffer the saline
in order to maintain a pH compatible with normal physi-
ological conditions. Also, in certain instances, it may be
necessary to maintain the pH at a particular level in order to
insure the stability of the gB antigen and of the HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen
if they are present in the O/W emulsion.

Any physiologically acceptable buffer may be used
herein, but phosphate buffers are preferred. Other acceptable
buffers such as acetate, tris, bicarbonate, carbonate, citrate or
the like may be used as substitutes for phosphate buffers.
The pH of the aqueous component will preferably be
between 6.0 and 8.0.

The O/W emulsion part of the composition of the present
invention may comprise supplemental components that can
be added at the time of preparing the O/W emulsion or added
once the O/W emulsion is prepared.

Example can be given of AF04, a squalene-based oil-in-
water (O/W) emulsion that contains E6020, which was
obtained according to the process described in WO 2007/
080308.

GLA (CAS Number 1246298-63-4) TLR-4 agonist is the
compound having the following chemical formula:

o OH
e Il)\ I} 0 O
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0
HO
14
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14 14
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GLA can be purchased for instance on Avanti Polar’s
catalog with reference 699800 (Avanti Polar Lipids Inc.,
Alabaster, USA).

In particular, GLA is in combination with a delivery
system such as calcium phosphate, liposomes, virosomes,
ISCOMs, micro- and nanoparticles, or emulsions.
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Preferentially, GLA is in combination with an oil-in-water
emulsion, more particularly, a squalene-based oil-in-water
emulsion.

Example can be given of GLA-SQEM, a squalene-based
oil-in-water (O/W) emulsion that contains GLA.

In the Table 1 below, the quantity of the different raw
materials used to obtain 100 mL of the GLA-SQEM with a
concentration of 10% squalene are mentioned. The final
emulsion contains 4% (v/v) of squalene (34 mg/ml) and 100
ng/ml of GLA, in 22.5 mM of ammonium phosphate.

TABLE 1

Mass %
(wW/v)

Quantity

Preparation at 10% squalene for 100 mL. Reference

Aqueous phase (90%):

25 mM Ammonium
Phosphate pH 6.1 gsp 90 ml
Poloxamer 188

87.7 mL

90.0 mg P35556 from

(Pluronic F68)

Glycerol 2.25 225 g SIGMA 24388238
Normapur from
VWR Prolabo

Oil phase (10%)

Squalene 10% v/v 8.56 10.0 mL 1208076 from

(85.6 mg/ml) SOPHIM,
redistilled
to remove
peroxides

Dimyristoylphosphatidyl- 1.9 190 g 850345P from

choline (DMPC) Avanti Polar
Lipids

GLA 0.025 25.0 mg  699800P from

Avanti Polar
Lipids

The oil phase is prepared by sonication in a bath at 55-60°
C. Then, the aqueous phase is added upon the oil phase
(weighing). A pre-emulsion is obtained after homogeniza-
tion on Ultra Turrax T25 (IKA) at 9500 r/min, during 2
cycles of 30 seconds. Then, microfluidization is done on
Emulsiflex C3 during 20 passages at an air pressure of 55 psi
(homogenization pressure between 1450 and 1600 bars).
The emulsion is then diluted 2.5 fold in a 25 mM Ammo-
nium Phosphate buffer, to obtain the final GLA-SQEM
emulsion at 4% squalene. The emulsion is sterile filtered at
about 40° C. with a 10 ml syringe and an Acrodisc 0.8-0.2
um Supor Membrane filter (PALL no PN4187).

Other suitable adjuvants comprising a TL.R4 agonist are
ASO01, which comprises 3D-MPL and QS21 in a liposomal
formulation or AS02, which comprises 3D-MPL and QS21
formulated in an oil-in-water emulsion (Garon et al., Exp.
Rev, of Vaccines, 2007, 6(5):723-739, EP0671948).

In one embodiment, said Thl-inducing adjuvant com-
prises a linear or branched polyacrylic acid polymer salt
with a weight average molecular weight Mw in the range of
350 to 650 kDa.

Said polymer is a linear or a branched polyacrylic acid
polymer, but it is not a cross-linked polymer.

By “polyacrylic acid polymer™, is meant a polymer which
is exclusively composed of acrylic acid units. So, in the form
of a salt, said polyacrylic acid polymer salt is exclusively
composed of units corresponding to a salt of acrylic acid or
is exclusively composed of units corresponding to the free
acid form of acrylic acid and of units corresponding to a salt
of acrylic acid.

A linear or a branched polyacrylic acid polymer is
obtained by polymerization of only acrylic acid as monomer.
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The polymerization is, most of the time, carried out by
radical polymerization, using an oxidizing agent as initiator
or catalyst. The most used oxidizing agents are persulfate
(peroxydisulfate), for instance sodium or potassium persul-
fate. Branched polyacrylic acid polymers are, for instance,
described in Macromolecules 2011, 44, 5928-5936. When
the polymer according to the invention is linear, its Mark
Houwink slope is higher or equal to 0.7 (Yan J. K., Pei J. J.,
Ma H. L., Wang Z. B. 2015. Effects of ultrasound on
molecular properties, structure, chain conformation and deg-
radation kinetics of carboxylic curdlan. Carb. Polymers.
121, 64-70).

The polyacrylic acid polymer salt can be in a solid form
(precipitate or powder) or preferably in a liquid formulation.
A liquid formulation will include the polyacrylic acid poly-
mer salt and an aqueous solution. Preferably, such a formu-
lation has a pH in the range of 5.5 to 8.0. This pH can be
obtained by incorporation of a base, like NaOH, in the
aqueous solution. The aqueous solution can be a buffered
aqueous solution, obtained with a buffer such as a phosphate
buffer, a TRIS (2-amino-2-hydroxymethyl-1,3-propanediol),
Hepes (acide 4-(2-hydroxyethyl)-1-piperazine ethane sulfo-
nique), histidine or citrate buffer. The liquid formulation
may also comprise one or several additional salts, such as
NaCl.

In particular, said linear or branched polyacrylic acid
polymer salt is exclusively composed of units corresponding
to a salt of acrylic acid or is exclusively composed of units
corresponding to the free acid form of acrylic acid and of
units corresponding to a salt of acrylic acid.

Advantageously, said polyacrylic acid polymer salt com-
prises less than 0.005%, preferably less than 0.001%, w/w of
oxidizing agents, based on the total dry weight of said
polyacrylic acid polymer salt and/or comprises less than
0.005%, preferably less than 0.001%, w/w of persulfates,
based on the total dry weight of said polyacrylic acid
polymer salt.

In a more particular embodiment, said polyacrylic acid
polymer is a salt with Na+.

In particular embodiments, said polyacrylic acid polymer
salt has a polydispersity index below or equal to about 4,
preferably below or equal to about 2.5.

In particular embodiments, said polyacrylic acid polymer
salt has a weight average molecular weight Mw in the range
01380 to 620 kDa and a polydispersity index below or equal
to 4; or has a weight average molecular weight Mw in the
range of 400 to 600 kDa and a polydispersity index below
or equal to 4; or has a weight average molecular weight Mw
in the range of 380 to 620 kDa and a polydispersity index
below or equal to 2.5; or has a weight average molecular
weight Mw in the range of 400 to 600 kDa and a polydis-
persity index below or equal to 2.

Advantageously, said polyacrylic acid polymer salt com-
prises less than 0.005% w/w of acrylic acid monomer in free
acid form or salt form, based on the total dry weight of said
polyacrylic acid polymer salt.

According to advantageous embodiments, said poly-
acrylic acid polymer salt is in a liquid formulation which has
a pH in the range of 5.5 to 8.0.

According to advantageous embodiments, said poly-
acrylic acid polymer salt is in a buffered aqueous solution,
in particular with a phosphate buffer, or a TRIS, Hepes,
histidine or citrate buffer.

According to advantageous embodiments, said poly-
acrylic acid polymer salt is diafiltered and sterilized.
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When, the polyacrylic acid polymer salt or the liquid
formulation of the polyacrylic acid polymer salt is diafil-
tered, the sterilization occurs after the diafiltration.

According to the invention, the weight average molecular
weight Mw is obtained by size exclusion chromatography.
Advantageously, three detectors will be used after the size
exclusion chromatography column: a right angle light scat-
tering detector, a refractive index detector and a four-
capillary differential viscometer. The dn/dc used for the
determination of Mw is preferably determined using the
refractive index detector with a panel of polyacrylic acid
polymers of known concentration. The content of persulfate
and the content of acrylic acid monomer in free acid form or
salt form can be determined by High Performance Anion
Exchange Chromatography with conductimetric detection.

A process for the preparation of such polymer comprises
for example the following successive steps:

a) having a solution of a polyacrylic acid polymer,

b) purifying the solution of the polyacrylic acid polymer,
in order to eliminate impurities, and

¢) sterilizing the purified solution of the polyacrylic acid
polymer.

A process for the storage of a solution of such polymer
salt comprises for examples the above mentioned prepara-
tion process, followed by a storage step of the obtained
polymer, in solution.

In particular, said linear or branched polyacrylic acid
polymer salt with a weight average molecular weight Mw in
the range of 350 to 650 kDa is PAA225000.

Product named PAA225000 (Ref. 18613, sodium salt) can
be obtained from Polysciences Europe (Eppelheim, Ger-
many) In the form of a concentrated solution. It can be
diluted with water to obtain a concentration of 20 mg/ml,
and maintained under agitation at room temperature during
12 hours. The pH can be adjusted to 7.55 with HCI and the
solution can be dialyzed at room temperature against 150
mM NaCl aqueous solution (3 consecutive baths) by using
2 kDa cutoff dialysis cassettes (Thermo Fischer Scientific,
Courtaboeuf, France). The solution can then be filtered
through a 0.22 ym PVDF membrane, for sterilization. The
Molecular Weight of the polymer salt can then be measured
and be 488 550 Da. Its Mn can be 129 070 Da and its IP 3.8.

The polymer can then be stored at +4° C., as a solution
comprising 20 mg/ml of polymer in 150 mM NaCl aqueous
solution. This solution can then be mixed with PBS 1C
concentrated 10 times with sterile water, in order to get a
saline solution comprising 2 mg/ml of polymer salt.

Any other Thl-inducing adjuvant may be used in the
composition of the invention. As examples of adjuvants
known to induce predominantly a Thl-type immune
response, the following one can be cited: adjuvants or
combinations of adjuvants comprising a saponin such as the
ones described in WO8809336 or in U.S. Pat. No. 5,057,
540, in particular QS21 and its synthetic or semi-synthetic
analogues, a TLR3 agonist such as Polyl:C and derivatives
thereof, a TLRS agonist such as flagellin and derivatives
thereof, a TLR7 agonist or a TLR7/8 agonist such as
imidazoquinoline and derivatives thereof such as the ones
described in EP1318835, a TLRS8 agonist such as motolimod
also known as VTX-2337 (as described in Lu et al., Clin
Cancer Res, 2012, 18(2):499-509) and derivatives thereof or
TLR8 agonists developed by Dynavax, a TLR9 agonist such
as CpG oligodeoxynucleotides and derivatives thereof such
as described in Vollmer et al., Expert Opin. Biol. Ther.,
2005, 5(5):673-682, in particular ISS1018 or CpG 7909, a
RIG-I-Like receptor (RLR) agonist such as RIG-1 agonist,
in particular 5' triphosphate RNA or small molecular weight
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agonists from Kineta, or a stimulator of interferon genes
(STING) agonist, in particular cyclic dinucleotides (e.g.
c-di-AMP, ¢-di-GMP, ¢-di-GAMP), a poly[di(carboxylato-
phenoxy)phosphazene] (PCPP) as described in Payne et al.,
Dev Bio Stand. 1998, 92:79-87, a poly[di(sodium carboxy-
latoethylphenoxy)|phosphazene (PECP) as described in Dar
A et al., Vet Immunol Immunopathol., 2012, 146(3-4):289-
95, or a Carbopol.

These Thl-inducing adjuvants can be combined with a
delivery system such as aqueous nanosuspension, calcium
phosphate, liposomes, virosomes, ISCOMSs, micro- and nan-
oparticles, emulsions.

The adjuvant and the antigens of the immunogenic com-
position according to the invention can be formulated with
any pharmaceutically acceptable vehicle. In the context of
the invention, the expression “pharmaceutically acceptable
vehicle” refers to a vehicle that is physiologically acceptable
for administration to a human being, while retaining the
physiological activity of the immunogenic composition
according to the invention, i.e. its ability to induce an
immune response. One exemplary pharmaceutically accept-
able vehicle is a physiological saline buffer. Other physi-
ologically acceptable vehicles are known to those skilled in
the art and are described, for instance, in Remington’s
Pharmaceutical Sciences (18th edition), ed. A. Gennaro,
1990, Mack Publishing Company, Easton, Pa. An immuno-
genic composition as described herein may optionally con-
tain pharmaceutically acceptable auxiliary substances as
required to approximate physiological conditions, such as
pH adjusting and buffering agents, tonicity adjusting agents,
wetting agents and the like, for example, sodium acetate,
sodium lactate, sodium chloride, potassium chloride, cal-
cium chloride, sorbitan monolaurate, triethanolamine oleate,
human serum albumin, essential amino acids, nonessential
amino acids, L-arginine hydrochlorate, saccharose, D-treha-
lose dehydrate, sorbitol, tris (hydroxymethyl) aminometh-
ane and/or urea. In addition, the vaccine composition may
optionally comprise pharmaceutically acceptable additives
including, for example, diluents, binders, stabilizers, and
preservatives.

The pH of the immunogenic composition is usually
between 5.5 and 8, and more preferably between 6.5 and 7.5
(e.g. about 7). Stable pH may be maintained by the use of a
buffer e.g. a Tris buffer, a citrate buffer, phosphate buffer, a
Hepes buffer, or a histidine buffer. Thus, the immunogenic
composition generally includes a buffer. Immunogenic com-
positions may be isotonic with respect to humans. The
immunogenic composition may also comprise one or several
additional salts, such as NaCl.

The immunogenic compositions may be sterilized by
conventional sterilization techniques, or may be sterile fil-
tered. The resulting aqueous solutions may be packaged and
stored in liquid form or lyophilized, the lyophilized prepa-
ration being reconstituted with a sterile aqueous carrier prior
to administration. In a preferred embodiment, the immuno-
genic compositions are packaged and stored as micropellets
via a prilling process as described in W02009109550. Each
micropellet may comprise the gB antigen, the gH/gl/
UL128/UL130/UL131 pentameric complex antigen and the
Thl-inducing adjuvant optionally with the oil-in-water
emulsion. Alternatively, the gB antigen, the gH/gl./UL.128/
UL130/UL131 pentameric complex antigen and the Thl-
inducing adjuvant optionally with the oil-in-water emulsion
may be comprised alone or in any combination in different
micropellets that can be mixed before or after aqueous
reconstitution to obtain the composition of the invention.
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The adjuvant and the antigens part of the immunogenic
composition according to the invention are usually mixed
together if there is no incompatibility between the products
or alternatively the adjuvant can be extemporaneously added
just prior to administration to a subject.

In one embodiment, the immunogenic composition of the
invention is prepared as a ready-to-use mix of the HCMV gB
antigen, the HCMV gH/gl.ULL128/UL130/UL131 pentam-
eric complex antigen and the Thl-inducing adjuvant.

In another embodiment, the immunogenic composition of
the invention is prepared extemporancously, just before
administration to the human subjects. Thus, the invention
provides kits including the various components ready for
mixing. The kit allows the HCMV gB antigen, the HCMV
gH/gl/UL128/UL130/UL131 pentameric complex antigen,
the Thl-inducing adjuvant and optionally the oil-in-water
emulsion to be kept separately until the time of use.

These components are physically separated from each
other within the kit, and this separation can be achieved in
various ways. For instance, they may be in separate con-
tainers, such as vials. In some arrangements, all the com-
ponents are kept separately until the time of use. Preferably,
the gB antigen and the HCMV gH/gl.UL128/30/U/UL131
pentameric complex antigen are in the same container and
the Thl-inducing adjuvant and optionally the oil-in-water
emulsion is (are) in another container. The contents of the
vials can then be mixed, e.g., by removing the content of one
vial and adding it to the other vial, or by separately removing
the contents of all the vials and mixing them in a new
container. In one example, one or more of the kit compo-
nents is (are) in syringe(s) and the other in container(s) such
as a vial. The syringe can be used (e.g., with a needle) to
insert its contents into another container for mixing, and the
mixture can then be withdrawn into the syringe. The mixed
contents of the syringe can then be administered to a patient,
typically through a new sterile needle. In another arrange-
ment, the kit components are held together but separately in
the same syringe. When the syringe is actuated (e.g., during
administration to a patient) the contents of the chambers are
mixed. This arrangement avoids the need for a separate
mixing step at the time of use. The kit components will
generally be in aqueous form. In some arrangements, one or
more component(s) is (are) in dry form (e.g., in a lyophilized
form or as micropellets), with the other component(s) being
in aqueous form. The components can be mixed in order to
reactivate the dry component and give an aqueous compo-
sition for administration to a patient. One or more lyo-
philized component(s) can be located within a vial or in a
syringe. Dried components may include stabilizers such as
mannitol, sucrose, or dodecyl maltoside, as well as mixtures
thereof e.g. lactose/sucrose mixtures, sucrose/mannitol mix-
tures, etc. In some arrangements, all the components are in
dry form (e.g., in a lyophilized form or as micropellets), held
in the same recipient or separately in several recipients and
the kit contains another recipient containing an aqueous
solution for the reconstitution of the vaccine.

Accordingly, the invention provides a kit comprising: (i)
a first kit component comprising an HCMV gB antigen and
an HCMV gH/gl.ULL128/UL130/UL131 pentameric com-
plex antigen and (ii) a second kit component comprising a
Thl-inducing adjuvant and optionally comprising oil-in-
water emulsion; and the use of such kit for preventing
HCMYV infection.

In a preferred embodiment, the immunogenic composi-
tion of the invention is available in one vial/syringe as a
ready-to-use mix of the HCMV gB antigen, the HCMV
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gH/gl.UL128/UL130/UL131 pentameric complex antigen
and the Thl-inducing adjuvant.

The immunogenic composition, according to the inven-
tion can be administered via any suitable route, such as by
mucosal administration (e.g. intranasal or sublingual), par-
enteral administration (e.g. intramuscular, subcutaneous,
transcutaneous, or intradermal route), or oral administration.
As appreciated by the man skilled in the art, a vaccine of the
present invention is suitably formulated to be compatible
with the intended route of administration.

The immunogenic composition according to the invention
can be administered alone or with suitable pharmaceutical
carriers, and can be in solid or liquid form such as, tablets,
capsules, powders, solutions, suspensions, or emulsions.

For use as aerosols, the immunogenic composition
according to the invention in solution or suspension may be
packaged in a pressurized aerosol container together with
suitable propellants, for example, hydrocarbon propellants
like propane, butane, or isobutane with conventional adju-
vants. The materials of the present invention also may be
administered in a non-pressurized form such as in a nebu-
lizer or atomizer.

Uses

As previously mentioned, the invention also relates to an
immunogenic composition as described herein for use as an
HCMYV vaccine.

In particular, the HCMYV vaccine according to the inven-
tion is a subunit vaccine.

It further relates to a method of prevention of HCMV
infection in a patient in need thereof, comprising the admin-
istration of an immunologically effective amount of the
immunogenic composition according to the invention.

“HCMV” is used as described previously and an HCMV
infection can in particular relate to a maternal HCMV
infection during pregnancy or a congenital infection.

In particular, said vaccine/immunogenic composition
increases neutralizing antibody levels and/or persistence.
More particularly, said vaccine/immunogenic composition
comprising an HCMV gB antigen, an HCMV gH/gl./
UL128/UL130/UL131 pentameric complex antigen and a
Th1-inducing adjuvant induces higher neutralizing antibody
levels and/or persistence than a vaccine/immunogenic com-
position comprising the same HCMV gB antigen, the same
HCMV gH/gl/UL128/UL130/UL131 pentameric complex
antigen and MF59 adjuvant.

By “vaccine” as used herein is meant an immunogenic
composition which is administered to induce an immune
response that will protect or treat a subject from illness, in
particular due to that agent. The vaccine of the present
invention is intended for use as a preventive (prophylactic)
vaccine, for administration to the subject prior to infection,
with the intent to prevent initial (and/or recurrent) infection.
In the particular case of congenital HCMV infection, the
present invention is intended for use as a preventive vaccine
for adolescent girls and women of child bearing age before
pregnancy in order to prevent the vertical HCMV transmis-
sion from mother to fetus or infant.

An immunogenic composition according to the invention
comprises an immunologically effective amount of the anti-
gens and adjuvants described herein. An “immunologically
effective amount” is an amount which, when administered to
a subject, is effective for eliciting an immune response
against the antigen used. This amount can vary depending on
the health and physical condition of the subject to be treated,
their age, the capacity of the subject’s immune system to
produce antibodies, the degree of protection desired, the
formulation of the vaccine, the treating doctor’s assessment
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of the medical situation. This amount can be determined by
routine methods by the man skilled in the art.

Subject” has mentioned herein is used in a similar way as
for “patient” and refers to a human, in particular women of
childbearing age (16-45 y) and adolescent girls (11-15 years)
whatever their CMV serostatus, as well as a men, a child, or
a patient candidate for solid organ or stem cell transplanta-
tion. In particular, said patient or subject is susceptible to
contract HCMV.

A “neutralizing antibody” as described herein has the
meaning known by a man skilled in the art and is intended
to cover an antibody that neutralizes its target directly, for
example by blocking the virus entry into a host cell as well
as by blocking the virus dissemination from cell to cell.
Neutralizing antibodies are functional antibodies that are
able to protect from their target. Some illustration of the
methods available to determine increase of neutralizing
antibody levels and/or persistence is provided in the experi-
mental part of the present application.

The vaccine according to the invention may be adminis-
tered by any route commonly used for administering a
vaccine. A regimen leading to the induction of the expected
immune response will be used. Usually, the immunization
schedule includes several administrations. The amount of
the immunogenic composition administered is enough to
produce the desired immune response and is determined by
the person skilled in the art.

A vaccine according to the present invention may be
administered in multiple doses. For example, a vaccine
according to the present invention may be administered in
one, two or three doses. When a vaccine according to the
present invention is administered in three doses, the first
dose and the third dose are preferably administered approxi-
mately twelve months apart. For instance, a vaccine of the
present invention may be administered in a first dose, a
second dose and a third dose, wherein said second dose is to
be administered about one to three months after said first
dose and wherein said third dose is to be administered about
six to twelve months after said first dose. Alternatively, the
three doses may be administered at zero months, at about
one to two months (e.g. at about one-and-a-half months) and
at about six months.

A vaccine according to the present invention may be
administered in two doses. Preferably, the first dose and the
second dose are administered approximately about one,
three, six, eight or nine months apart.

A vaccine according to the present invention may be
administered in a single dose.

Optionally, booster administrations of a vaccine accord-
ing to the present invention may be used, for example
between six months and ten years, for example six months,
one year, three years, five years or ten years after initial
immunization (i.e. after administration of the last dose
scheduled in the initial immunization regimen).

All references cited herein, including journal articles or
abstracts, published patent applications, issued patents or
any other references, are entirely incorporated by reference
herein, including all data, tables, figures and text presented
in the cited references.

In the scope of the present invention, it has to be under-
stood that “an immunogenic composition for use” is equiva-
lent to “the use of a immunogenic composition” and in
particular that “a immunogenic composition for use as a
vaccine” is equivalent to “the use of a immunogenic com-
position as a vaccine” and to “the use of a immunogenic
composition for the manufacture of a medicament intended
to be used as vaccine”.
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The invention will be further illustrated by the following
figures and examples.

FIGURES

FIG. 1: Study schedule

FIG. 2: Kinetic of the neutralizing antibody titers specific
to HCMV BAD-rUL131-Y4 GFP strain measured by
seroneutralization assay on epithelial cells with (panel A) or
without complement (panel B) in sera collected from day 20
to day 257 from mice immunized at days 0, 20 and 227 with
2 ug of CMV-gB and pentamer without or with different
adjuvants.

FIG. 3: Neutralizing antibody titers specific to HCMV
BAD-rUL131-Y4 GFP strain measured by seroneutraliza-
tion assay on epithelial cells with (panel A) or without
complement (panel B) and on fibroblasts with (panel C) or
without complement (panel D) in sera collected at day 34
from mice immunized at days O and 20 with 2 pg of
CMV-gB and pentamer without or with different adjuvants.

FIG. 4: Neutralizing antibody titers specific to HCMV
BAD-rUL131-Y4 GFP strain measured by seroneutraliza-
tion assay on epithelial cells with (panel A) or without
complement (panel B) and on fibroblasts with (panel C) or
without complement (panel D) in sera collected at day 208
from mice immunized at days O and 20 with 2 pg of
CMV-gB and pentamer without or with different adjuvants.

FIG. 5: Neutralizing antibody titers specific to HCMV
BAD-rUL131-Y4 GFP strain measured by seroneutraliza-
tion assay on epithelial cells with (panel A) or without
complement (panel B) and on fibroblasts with (panel C) or
without complement (panel D) in sera collected at day 257
from mice immunized at days 0, 20 and 227 with 2 ug of
CMV-gB and pentamer without or with different adjuvants.

FIG. 6: Anti-gB IgG1 and IgG2c antibody titers specific
to CMV-gB (panel A) or to CMV-pentamer (panel B)
measured by ELISA in sera collected at days 34, 208 and
257 from mice immunized at days 0, 21 and 227 with 2 ug
of CMV-gB and pentamer without or with different adju-
vants.

FIG. 7: Mean IgG1/IgG2c antibody ratios calculated at
day 34, 208 and 257 for each group from mice immunized
at 0, 21 and 227 with 2 pg of CMV-gB and pentamer with
MF59 or with different adjuvants.

FIG. 8: IL-5 and IFN-y cytokine secreting cells frequen-
cies (cytokine secreting cells/10° splenocytes) upon ex-vivo
stimulation with recombinant CMV-gB (panel A) or CMV-
pentamer (panel B) monitored at days 34, 208 and 257 in
splenocytes from mice immunized at days 0, 20 and 227
with 2 ug of CMV-gB and pentamer without or with different
adjuvants.

FIG. 9: 1gG1 and IgG2c¢ percentages of antibody secreting
plasmablasts specific to either CMV-gB (panel A) or CMV-
pentamer (panel B) at days 34, 208 and 257 from mice
immunized at days 0, 20 and 227 with 2 ng of CMV-gB and
pentamer without or with different adjuvants.

FIG. 10: IgG1 and IgG2c percentages of antibody secret-
ing B memory cells specific to either CMV-gB (panel A) or
CMV-pentamer (panel B) at days 34, 208 and 257 from mice
immunized at days 0, 20 and 227 with 2 ng of CMV-gB and
pentamer without or with different adjuvants.

FIG. 11: Neutralizing antibody titers specific to HCMV
BAD-rUL131-Y4 GFP strain measured by seroneutraliza-
tion assay on epithelial cells ARPE-19 or on fibroblasts
MRC-5 in presence of complement in sera collected at D20
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from mice immunized at DO with different doses of CMV-
gB and CMV-gH/gl . UL128/UL130/UL131 pentamer for-
mulated with PAA adjuvant.

FIG. 12: Neutralizing antibody titers specific to HCMV
BAD-rUL131-Y4 GFP strain measured by seroneutraliza-
tion assay on epithelial cells ARPE-19 in either presence
(12A) or absence (12B) of complement in sera collected at
D35 from mice immunized at DO and D21 with different
doses of CMV-gB and CMV-gH/gl.ULL128/UL.130/UL131
pentamer formulated with PAA adjuvant.

FIG. 13: IFN-y cytokine-producing cells quantification in
mice splenocytes upon ex-vivo stimulation with either
CMV-gB, CMV-gH/gl/UL128/UL130/UL131 pentamer
(panel A) or CMV-pentamer peptide pools (panel B) mea-
sured by ELISPOT assay in splenocytes collected at D35
from mice immunized at DO and D21 with 3 pg of CMV-gB
and 3 pg of CMV-gH/gl/UL128/UL130/UL131 pentamer
formulated with PAA adjuvant.

EXAMPLES
TABLE 2
List of abbreviations

Acronyn/Abbreviation  Designation/Description
CMV Cytomegalovirus
D Day
ELISA Enzyme Linked Immuno Sorbent Assay
EU ELISA Unit
IFNg Gamma interferon
Ig Immunoglobulin
IL Interleukin
M Intra-muscular
1P Intra-peritoneal
M Month
N/A Not Applicable
SN Seroneutralization
\ Week

Example 1

Material and Methods
Material
Product(s) Tested in the Examples

Products are described in Table 3. Female 7-weeks-od
C57BL/6] mice were immunized by the intra-muscular (IM)
route (hind leg, quadriceps) under a volume of 50 ul on DO
and D20 and D227.

TABLE 3

Product Name Concentration Source or composition

Pentamer CMV 1 mg/ml The Native Antigen
company, Oxford UK

gB (CMV) 685.5 pg/ml gBdTM obtained as
described in US
6,100,064, which is a 806
AA long polypeptide

PAA225000 8 mg/ml PAA Polysciences Europe

(PAA) 225000 GmbH, Hirschberg an
der Bergstrasse, Germany

MF59 4% squalene Quantity per mL:

Squalene 39.0 mg

Polysorbate 80 4.7 mg

Sorban trioleate 4.7 mg
Sodium citrate,

dehydrate 2.65 mg Citric acid,
monohydrate 0.17 mg Water
for injections gq.s.p. 1 mL
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TABLE 3-continued

Product Name Concentration Source or composition

AF04 5% squalene, Obtained according to the process
0.04 mg/ml E6020 described in WO 2007/080308.
4% squalene, GLA from Avanti
0.1 mg/ml GLA  Polar Lipids Inc.,
Alabaster, USA
GLA-SQEM is
obtained according to the
process described above in the
description of the invention

GLA-SQEM

Methods
Group Definition

Study groups are described in the following Table 4. Mice
were randomly allocated to one of the following 7 groups.
Each group is differentiated in 3 subgroups, i.e. A=>A1, A2
and A3 depending on the time-point analysis requiring
mouse euthanasia to collect the spleens (days 34, 208 and
257), as summarized in the study schedule on FIG. 1. Thirty
five mice/groups were included as follow: 10 mice/sub-
groups for sub-groups 1 and 2, and 15 mice in subgroups 3
in order to compensate for possible inter-current deaths that
might happen over an eight month period. For control
groups, only 5 mice/subgroup were included in subgroups
Al, A2 and A3 and for group B, only 5 mice/subgroup Bl
and B2 were included and 10 mice for subgroup B3.

TABLE 4
Sub-
Groups
(number Products under test
of Active substance Adjuvant Adm.
Groups mouse) Name dose  Name Dose route
A Al (5) PBS — — — ™M
(15) A2 (5) 50 pl at
Do, D21
A3 (5) ™M
50 pl at
Do,
D21, M7
B B1 (5) gB + 2 ug — — ™M
(20) B2 (5) Pentamer 50 pl at
Do, D21
B3 (10) 2 ug ™M
50 pl at
Do,
D21, M7
C C1 (10) gB + 2 ug  MF59 2% ™M
(35) C2 (10) Pentamer squalene 50 pl at
Do, D21
C3 (15) 2 ug ™M
50 pl at
Do,
D21, M7
D D1 (10) gB + 2 ug  PAA 200 pg ™M
(35) D2 (10) Pentamer 50 pl at
Do, D21
D3 (15) 2 ug ™M
50 pl at
Do,
D21, M7
E E1 (10) gB + 2 ug  AF04 1pug ™M
(35) E2 (10) Pentamer 2 pg E6020, 50 pl at
2.5% Do, D21
E3 (15) squalene ™M
50 pl at
Do,
D21, M7
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TABLE 4-continued
Sub-
Groups
(number Products under test
of Active substance Adjuvant Adm.
Groups mouse) Name dose  Name Dose route
F F1 (10) B + 2 g GLA- 2.5 g ™M
(35) F2 (10) Pentamer SQEM GLA, 50 ul at
2% DO, D21
F3 (15) 2 g squalene ™M
50 ul at
Do,
D21, M7

Biological Sampling and Analytical Tests

Biological Sampling

Blood samples were collected from all the animals under
anesthesia. The anesthesia was performed by Imalgene®
(1.6 mg of Ketamine) and Rompun (0.32 mg of Xylazine)
administered in a volume of 200 pl via the intraperitoneal
route. Around 1 mL of blood was collected in vials contain-
ing clot activator and serum separator (BD Vacutainer SST
ref 367783). After a night at +4° C., blood was centrifuged
at 3000 rpm during 20 minutes and serum was collected and
stored at —=20° C. until analysis.

For cellular response assays, spleens were collected in
sterile conditions and splenocytes were isolated as soon as
possible after spleen sampling.

Analytical Tests
Seroneutralization Assays

This technique is used to titrate the functional neutralizing
antibodies present in the sera of CMV-gB+pentamer+adju-
vant immunized animals. Based on the ability of the Cyto-
megalovirus to infect MRCS fibroblasts and ARPE-19 cells
(human epithelial cells), a serum containing specific func-
tional antibodies against CMV-gB and/or CMV-pentamer
can inhibit the viral infection of the cells.

Briefly, 2.5x104 MRCS fibroblasts or ARPE-19 cells were
dispensed in 96-well dark plates the day before the
microneutralization (MN) assay. On DO, sera were heat-
inactivated at 56° C. for 30 min. Serum samples were
serially two-fold diluted in DMEM/F12 1% FBS, starting
from 1/10 to 1/10240 in a 96-deep-well plate and incubated
with 4.2 log FFU/ml of the BADrUL131-Y4 CMV virus
strain (provided by Thomas Shenk, as described in Wang et
al., J. Virol., 2005, 79(16):10330-10338), titrating 4.89 or
4.71 log FFU/ml on ARPE-19 or MRCS cells, respectively)
for 60 min at 37° C. in a 5% CO2 cell culture incubator. The
serum/virus mixtures were then transferred onto the MRCS5
or the ARPE-19 cells and incubated at 37° C. in a 5% CO,
cell culture incubator. The incubation was performed on 3
days for the MRCS cells and on 4 days for the ARPE cells.

On D3 or D4, after removal of culture supernatant, cells
were fixed with 100 pl of 1% formol in PBS for 1 hour at
room temperature. The plates were then washed three times
with PBS and air-dried at room temperature before analysis
on the Microvision fluorescent plate reader to count infected
cells in each well.

As control, two wells of cell control (without virus) and
six wells with cells infected with half of the viral dilution
containing the 4.2 log FFU/mL were present on each plate.
The mean of these six wells defined the threshold of
seroneutralization, determined as 50% of the specific-signal
value. Neutralizing end-point titers were defined as the
reciprocal of the last dilution that fell below the calculated
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50% specific-signal value. Neutralizing titers (WPRNTS0)
were defined for each individual serum as the last dilution
that induced 50% reduction of infected cells, i.e. the last
dilution that induced lower infected cells than the calculated
50% specific-signal value. Geometric mean neutralizing
antibody titers were calculated for each group.

ELISA Assay

Serum IgG1 and IgG2¢ antibodies directed against CM V-
gB antigen or against CMV-pentamer antigen were titrated
by a robot ELISA assay according to the following proce-
dure.

Dynex 96-well microplates were coated overnight at 4° C.
with 1 pg/well of CMV-gB or CMV-pentamer, in 0.05 M
carbonate/bicarbonate buffer, pH 9.6 (Sigma). Plates were
then blocked at least 1 hour at 37° C. with 150 pL/well of
PBS Tween-milk (PBS pH7.1, 0.05% Tween 20, 1% (w/v)
powdered skim milk (DIFCO)). All next incubations were
carried out in a final volume of 100 pl,, followed by 3
washings with PBS pH 7.1, 0.05% Tween 20. Serial two-
fold dilution of serum samples were performed in PBS-
Tween-milk (starting from 1/1000 or 1/10000) and were
added to the wells. Plates were incubated for 90 min at 37°
C. After washings, goat anti-mouse IgG1 or IgG2¢ peroxy-
dase conjugate antibodies (Southem Biotech) diluted in
PBS-Tween-milk at 1/2000 were added to the wells and
plates were incubated for 90 min at 37° C. Plates were
further washed and incubated in the dark for 30 min at 20°
C. with 100 pl/well of a ready-to-use Tetra Methyl Benzi-
dine (TMB) substrate solution (TEBU). The reaction was
stopped with 100 pL/well of HCl 1M (Prolabo).

Optical density (OD) was measured at 450 nm-650 nm
with a plate reader (VersaMax—Molecular Devices). The
IgG1 or IgG2c antibodies titers were calculated using the
CodUnit software, for the OD value range of 0.2 to 3.0 from
the titration curve (reference mouse hyper immune serum
put on each plate). The IgG1 or IgG2c titer of this reference,
expressed in arbitrary ELISA Units (EU) corresponds to the
log 10 of the reciprocal dilution giving an OD of 1.0. The
threshold of antibody detection was 10 ELISA units (1.0 log
10). All final titers were expressed in log 10 (Log).

1gG1/1gG2c¢ ratios were calculated using the individual
arithmetic values and the geometric mean of individual
1gG1/1gG2c ratios was calculated for each group.
FLLUOROSPOT

The fluorescent-linked immunospot (FLUOROSPOT) is
used for detecting and enumerating individual cells secreting
the IFN-y and IL-5 cytokines.

On DO, the membrane of the 96-well IPFL-bottomed
microplates (Multiscreen) was pre-wetted for 1 minute with
25 ulL of 35% ethanol. Ethanol was then removed and each
well was washed twice with 200 pulL of PBS 1x. Microplates
were then coated with a rat anti-mouse IFN-y or rat anti-
mouse I[.-5 antibodies (10 pg/ml, Pharmingen) diluted at
1/100 and 1/50 respectively and were incubated overnight at
4° C.

On D1, plates were washed with PBS and then blocked at
least 2 h at 37° C. with RPMI 10% FBS. After plates
washing, 5x10° freshly isolated splenocytes/well were incu-
bated overnight with the CMV-gB antigen (0.1 pg/ml),
CMV-pentamer (0.1 pg/ml) or concanavalin A (Con A, 2.5
ng/ml) as a positive control, in presence of murine 1L.-2 (10
U/ml).

On D2, the plates were washed 6 times with PBS 1x-BSA
0.1% (200 ul/well). After the washing step, 100 uL/well of
the biotinylated anti-mouse IFN-y or anti-mouse IL5 anti-
bodies were added at 1 pg/ml in PBS1x-BSA 0.1% for 2
hours at room temperature, in the dark. The plates were
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washed again 3 times with PBS 1x-BSA 0.1% (200
ulL/well). Then, 100 pl/well of streptavidin-PE at 1 pg/mL
in PBS 1x-BSA 0.1% was incubated for 1 hour at room
temperature, in the dark.

The plates were further washed 6 times with PBS 1x-BSA
0.1% (200 pl/well). The plates were stored at 5° C.x3° C.
in the dark until reading.

Each spot, corresponding to an IFN-y or IL5 secreting cell
(IFN-y SC or IL5 SC), was enumerated with an automatic
FLUOROSPOT plate reader (Microvision). Results were
expressed as number of IFN-y or IL-5 secreting cell per 10°
splenocytes.

IgG, IgG1 and IgG2¢ FLUOROSPOT Assay

The fluorescent-linked immunospot (FLUOROSPOT) is
used for detecting and enumerating individual B cells secret-
ing antibodies irrespective of antigen specificity (IgGl,
1gG2c¢ or total IgG).

On DO, the membrane of the 96-well IPFL-bottomed
microplates (Multiscreen) was pre-wetted for 1 minute with
25 ulL of 35% ethanol. Ethanol was then removed and each
well was washed twice with 200 pulL of PBS 1x. Microplates
were then coated with CMV-gB antigen (10 pg/ml, Sanofi),
CMV-pentamer (10 pg/ml, NAC) or total IgG antibody (10
ng/ml, KPL) diluted at 1/68, 1/100 and 1/100 respectively
and were incubated overnight at 4° C.

On D1, plates were washed with PBS and then blocked at
least 2 h at 37° C. with RPMI 10% FBS.

After plates washing, 5x10° freshly isolated splenocytes/
well for CMV-gB antigen or CMV-pentamer and 2.5-10°
freshly isolated splenocytes/well for total IgG antibody were
incubated 5 hours.
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After 5 hours, the plates were washed 3 times with PBS
1x and stored a 4° C. for the night. On D2, the plates were
washed 6 times with PBS 1x-BSA 0.1% (200 uL/well). After
the washing step, 100 uL/well of the anti-mouse IgG1 PE or
anti-mouse 1gG2c¢ FITC or anti-mouse total 1gG antibodies
were added respectively at 4, 2 or 0.5 pg/ml in PBS1x-BSA
0.1% for 2 hours at room temperature, in the dark. The plates
were washed again 6 times with PBS 1x-BSA 0.1% (200
ulL/well). The plates were stored at 5° C.£3° C. in the dark
until reading.

Each spot, corresponding to an antibody secreting cell
(ASC) (IgG1 ASC, IgG2c ASC or total IgG ACS), was
enumerated with an automatic FLUOROSPOT plate reader
(Microvision). Results were expressed as number of anti-
body secreting cell per 10° splenocytes.

Results
Humoral Response

Longitudinal Analysis of the Neutralizing Antibody
Response on ARPE-19 Epithelial Cells Between Day 20 and
257

The neutralizing activity against the BADrUL131-Y4
CMV virus strain on epithelial cells (ARPE-19) was moni-
tored by seroneutralization assays in individual intermediate
serum samples collected monthly from all animals from
subgroups 3 from day 20 to day 257 (i.e. at days 20, 34, 62,
90, 118, 153, 187, 226 and 257). The seroneutralization
technique is detailed in the material and methods section and
raw data are shown in Tables 5 a-b.

TABLES 5 A-B

ARPE ARPE ARPE ARPE ARPE ARPE ARPE ARPE ARPE

Group Serum

D20+C MI+C M2+4C M3+4C M4+C M5+C M6+4C M7+C M8+C

PBS
Pentamer:
2pg

gB: 2 ng
Pentamer:
2pg

gB: 2 ng
MF59:

2.3%
squalene
Pentamer:
2pg

gB: 2 ng
PAA: 200 pg
Pentamer:
2pg

gB: 2 g
AF04:

1 pg E6020,
2.5% squalene
T Pentamer:
2pg

gB: 2 ng
GLA-SQEM:
2.5 ng GLA,
2% squalene

GMT
GMT

24
33

W

GMT 220

GMT 879

GMT 383

GMT 976

16
133

25
212

29
183

23
191

21
136

17
164

22
90

16
1026

3625 3516 3748 3562 2034 2973 1058 6792

15990 11598 10962 10724 10266 8681 5792 37166

12648 9288 7833 9048 5653 4494 3559 17936

30755 20844 15957 17068 11231 11156 8505 35897

ARPE  ARPE
D20-C M1 -C

Group Serum

ARPE ARPE ARPE
M2-C M3-C M4-C

ARPE ARPE ARPE ARPE
M5-C M6-C M7+4C M8+ C

PBS
Pentamer:
2pg

gB: 2 ng
Pentamer:
2pg

gB: 2 ng
MF59:
2.3%
squalene

GMT
GMT

30
32

W

GMT 74

16
94

18
138

13
170

71
109

22
122

12
92

12
65

13
815

2020 1973 1928 1264 1174 1028 655 5449
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TABLES 5 A-B-continued

40

D  Pentamer: GMT 83 3297 4890 3768

2pg
gB: 2 ng
PAA:
200 pg
E  Pentamer:
2pg
gB: 2 ng
AF04:
1 pg
E6020,
2.5%
squalene
I Pentamer:
2pg
gB: 2 g
GLA-
SQEM:
25 ug
GLA,
2%
squalene

GMT 91 3734 3354 3918

GMT 106 8048 7446 7774

3589

2728

5392

3289 3580 2201 28657

2344 2359 1274 11910

4812 3459 2883 9150

a-Sub Group 3-intermediary-Seroneutralization ARPE with complement
b-Sub Group 3-intermediary-Seroneutralization ARPE without complement

Geometric mean titers (GMT) as well as individual neu- ’s

tralizing titers are depicted in FIG. 2.

MI1=D34, M2=D62, M3=D90, M4=D118, M5=D153,
M6=D187, M7=D226, M8=D257.

Similar kinetics neutralizing antibody titer profiles were
detected in presence and absence of complement in the
epithelial-based neutralizing assay as depicted in FIG. 2
panels A and B, respectively.

For the group administered with unadjuvanted CMV-gB
and pentamer, a low neutralizing antibody response was
detected at day 20 (GMT=33 and 32, with or without
complement, respectively) and then increased up to day 62
to reach a plateau with GMT ranging from 90 to 212 or from
65 to 170, in presence or absence of complement, between
day 62 and day 226. The 3rd injection at day 226, boosted
the neutralizing antibody titers as detected at days 257 with
GMT=1026 or 815, in presence or absence of complement,
respectively. For all the adjuvanted groups (MF59, PAA,
AF04 and GLA-SQEM), neutralizing antibody titers were
detected in presence or absence of complement on day 20
(i.e. 20 days after the first injection) with GMTs at 220 or 74,
respectively, for group C3 administered with CMV-gB and
pentamer adjuvanted with MF59 and with GMTs 2383 and
283 for groups D3 to F3 administered with the other
adjuvant formulations. At day 34 (i.e. 14 days after the 2nd
injection), all the adjuvanted groups presented the peak of
the response after 2 injections with GMTs ranging from 3
6251030 755 or from 2 020 to 8 048, in presence or absence
of complement, respectively.

Over the 6 month period (between day 34 and 226), the
epithelial-based neutralizing antibody titers slightly
decreased down to titers ranging from 1 058 to 8 505 or from
655 to 2883, in presence or absence of complement, respec-
tively. Similarly the 3rd injection at day 226, boosted the
neutralizing antibody titers as detected at days 257 with
GMTs ranging 6 792 (i.e. for MF59-) to 37 166 (i.e. for
PAA-) or from 5 449 (i.e. for MF59-) to 28 657 (i.e. for
-PAA adjuvanted group), in presence or absence of comple-
ment, respectively.

To compare the different adjuvanted groups i.e. SPA09,
AF04 and GLA-SQEM to the MF59 reference, a statistical
mixed model with 2 fixed factors (group and time) was
performed on repeated neutralizing antibody titers between
days 34 to 226.
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With respect to the group comparison as presented in
Table 6, in presence of complement, the neutralizing anti-
body titers obtained in mice administered with CMV-gB and
pentamer adjuvanted with MF59 were not significantly
superior to the neutralizing antibody titers obtained in mice
administered with unadjuvanted CMV-gB and pentamer
whereas all the other adjuvanted groups (i.e. PAA, AF04 and
GLA-SQEM) were significantly superior to the neutralizing
antibody titers obtained in mice administered with CMV-gB
and pentamer adjuvanted with MF59 (all p-values <0.001).

In absence of complement, the neutralizing antibody titers
obtained in mice administered with CMV-gB and pentamer
adjuvanted with MF59 were not significantly superior to the
neutralizing antibody titers obtained in mice administered
with unadjuvanted CMV-gB and pentamer. The neutralizing
antibody titers obtained in mice administered with CMV-gB
and pentamer adjuvanted with AF04 were not significantly
superior to the neutralizing antibody titers obtained in mice
administered with CMV-gB and pentamer adjuvanted with
MF59, whereas all the other adjuvanted groups (i.e. PAA and
GLA-SQEM) were significantly superior to the neutralizing
antibody titers obtained in mice administered with CMV-gB
and pentamer adjuvanted with MF59 (all p_values=0.009).
The neutralizing antibody titers obtained in mice adminis-
tered with CMV-gB and pentamer adjuvanted with AF04
were significantly superior to the neutralizing antibody titers
obtained in mice administered with unadjuvanted CMV-gB
and pentamer (all p-values<0.001).

TABLE 6

In absence of
Complement

In presence of

ARPE-19 neutralizing assay Complement

Comparison P-value* P-value*

(B3) unadjuvant vs (C3) MF59 1.000 (NS) 1.000 (NS)

(D3) PAA vs (C3) MF59 <0.001 (S) 0.009 (8)
x4.2 x2.4

(E3) AF04 vs (C3) MF59 <0.001 (S) 0.077 (NS)
x2.8

(F3) GLA-SQEM vs (C3) MF59 <0.001 (S) <0.001 (S)
x6.60 x4.0

Statistical comparison of the different groups within estimated repeated neutralizing
antibody titers between days 34 to 226 (Superiority test, *p-values with Dunnett adjust-
ment, NS: not significant or S: significant superiority, when significant the fold increase
is indicated in italic).
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Statistical comparison of the different groups within esti-
mated repeated neutralizing antibody titers between days 34

42
TABLES 7 a-f-continued

to 226 (Superiority test, *p-values with Dunnett adjustment, Group Serum
NS: not significant or S: significant superiority, when sig- F  Pentamer: 2 jug GMT 8505 9150
nificant the fold increase is indicated in italic). 5 gB: 2 ug
Detailed Neutralizing Antibody Response on Epithelial ;}tiﬁgﬁg 2,3 pg GLA,
Cells (ARPE-19) and Fibroblasts (MRC-5) at Days 34 (M1). i
208 (M7) and 257 (M8) MRCS D34 + C MRC5D34-C
The neutralizing activity against the BADrUL131-Y4
CMYV virus strain on epithelial cells (ARPE-19) and fibro- 10 ’]; gBSt . gﬁ% ; 2
blasts (MRC-5) was monitored by seroneutralization assays g]e; ;Iiegr HE
in individual serum samples collected from all animals from C  Pentamer: 2 g GMT 636 7
subgroups 1, 2 and 3 at, respectively, days 34 (2 weeks after gB: 2 pg
the second immunization), 208 (7 months after the primary MF59: 2,3% squalene
vaccination series) and 257 (1 month after the booster ;5 D Pentamer: 2 pg GMT 2699 84
injection at M7). The seroneutralization technique is gB: 2 He
detailed in the material and methods section and raw data are E gAA' 200_ bs
. entamer: 2 ug GMT 1477 153
shown in Tables 7 a-f. oB: 2 g
AF04: 1 pg E6020,
TABLES 7 a-f 20 2,5% squalene
T Pentamer: 2 pg GMT 3131 146
Group Serum gB: 2 g
GLA-SQEM: 2,5 ug GLA,
ARPE J34 + C ARPE J34-C 2% squalene
A PBS GMT 12 12 MRCS5 M7 + C MRCS M7-C
B Pentamer: 2 pg GMT 46 43 25
gB: 2 g A PBS GMT 5 5
C  Pentamer: 2 pg GMT 4168 1934 B Pentamer: 2 pg GMT 5 5
gB: 2 g gB: 2 ng
MF59: 2,3% squalene C Pentamer: 2 pug GMT 147 27
D Pentamer: 2 pg GMT 14698 3862 gB: 2 ng
gB: 2 ng 30 MF59: 2,3% squalene
PAA: 200 pg D Pentamer: 2 pug GMT 500 39
E Pentamer: 2 ug GMT 7179 2919 gB: 2 ng
gB: 2 ng PAA: 200 pg
AF04: 1 pg E6020, E Pentamer: 2 ng GMT 451 48
2,5% squalene gB: 2 ng
F  Pentamer: 2 ug GMT 13302 3146 35 AF04: 1 pg E6020,
gB: 2 ng 2,5% squalene
GLA-SQEM: 2,5 ug GLA, F  Pentamer: 2 pug GMT 913 14
2% squalene gB: 2 ng
GLA-SQEM: 2,5 ug GLA,
ARPE M7 + C ARPE M7-C 2% squalene
A PBS GMT 14 17 W MRCS Mg 4-C MRC5 M8-C
B Pentamer: 2 pg GMT 46 51
gB: 2 g A PBS GMT 5 5
C  Pentamer: 2 pg GMT 3739 1834 B Pentamer: 2 pg GMT 29 15
gB: 2 ug gB: 2 pg
MF59: 2,3% squalene C Pentamer: 2 pug GMT 695 151
D Pentamer: 2 g GMT 4484 2230 45 gB: 2 g
eB: 2 g MF59: 2,3% squalene
PAA: 200 pg D Pentamer: 2 pg GMT 6645 536
E Pentamer: 2 ug GMT 6101 2718 gB: 2 ng
gB: 2 ng PAA: 200 pg
ARA: 1 pg E6020, E Pentamer: 2 pg GMT 1977 438
2,5% squalene 50 gB: 2 ng
F  Pentamer: 2 ug GMT 7719 1758 AF04: 1 pg E6020,
gB: 2 ng 2,5% squalene
GLA-SQEM: 2,5 ug GLA, F  Pentamer: 2 pug GMT 6152 4217
2% squalene gB: 2 ng
GLA-SQEM: 2,5 ug GLA,
ARPE M8 + C ARPE M8-C 355 2% squaiene
A PBS GMT 16 13 a.-Sub Group 2-Seroneutralization ARPE D234 (D208)
B Pentamer: 2 pg GMT 1026 815 b-Sub Group 2-Seroneutralization ARPE M7 (D208)
gB: 2 ng c-Sub Group 3-Seroneutralization ARPE M8 (D257)
C Pentamer: 2 pg GMT 6792 5449 d-Sub Group 1-Seroneutralization MRC5-D34
gB: 2 ng 60 e-Sub Group 2-Seroneutralization MRC5 M7 (D208)
MF59: 2,3% squalene £:Sub Group 3-Seroneutralization MRCS M8 (D257)
D Pentamer: 2 pg GMT 37166 28657
Ig,l]zﬁ §§0 ug Geometric mean titers (GMT) as well as individual neu-
E Pentamer: 2 ug GMT 17936 11910 tralizing titers are depicted in FIG. 3, FIG. 4 and FIG. 5.
gB: 2 ng

ARM: 1 pg E6020,
2,5% squalene
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Similar neutralizing antibody profiles were observed on
both epithelial- and fibroblast-based neutralizing assays,
with higher neutralizing titers monitored in the epithelial-
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based neutralizing assay with at least 5-fold or 11-fold
higher GMTs in presence or absence of complement, respec-
tively.

At day 34, i.e. 14 days after the 2nd injection, no or low
neutralizing antibody titers were detected in mice immu-
nized with unadjuvanted CMV-gB and pentamer (GMT =<8
on MRC-5 and =46 on ARPE-19 cells, respectively). For all
the CMV-gB and pentamer adjuvanted groups, a marked
adjuvant effect was observed with a 14- up to 337-fold
increase of the SN titers on MRC-5 and 44- to 319-fold
increase on ARPE-19 cells, irrespective of the presence or
absence of complement, compared to the unadjuvanted
group.

With respect to the neutralizing antibody titers on ARPE-
19 epithelial cells in presence of complement (FIG. 3, panel
A), an adjuvant effect with significantly higher neutralizing
antibody titers than MF59 was observed with PAA and
GLA-SQEM (at least 3- to 4.2-fold higher, test of superi-
ority, unilateral Dunnet adjustment, all p_values <0.001) but
not with AF04 (only 1.7-fold higher, p_value=0.08).

At the opposite, with respect to the neutralizing antibody
titers on ARPE-19 cells in absence of complement (FIG. 3,
panel B), PAA, AF04 and GLA-SQEM adjuvants slightly
increased the neutralizing antibody titers as compared to
MF59 (1.5- to 2-fold increase in neutralizing antibody titers
as compared to those induced by MF59) but the observed
differences were not statistically significant (all p_val-
ues>0.091).

With respect to the neutralizing antibody titers on MRC-5
fibroblasts in presence of complement (FIG. 3, panel C), an
adjuvant effect with significantly higher neutralizing anti-
body titers than MF59 was observed with all the tested
adjuvants PAA, AF04 and GLA-SQEM (at least 2.3- to
6-fold higher, test of superiority, unilateral Dunnet adjust-
ment, all p_values <0.002).

Lastly, with respect to the neutralizing antibody titers on
MRC-5 fibroblasts in absence of complement (FIG. 3, panel
D), the neutralizing antibody titers induced by PAA, AF04
and GLA-SQEM were not shown to be significantly higher
than those obtained with MF59 (p_values >0.093). At day
208 (FIG. 4), i.e. 7 months after the 2nd injection, no or low
neutralizing antibody titers were detected in mice immu-
nized with unadjuvanted CMV-gB and pentamer (GMT =<5
on MRC-5 and =50 on ARPE-19 cells, respectively). In
adjuvanted sub-groups 2, no significant decrease of neutral-
izing titers on ARPE-19 epithelial cells was exhibited as
compared to the titers detected at day 34 (in mice from
subgroups 1), whatever the presence or absence of comple-
ment, whereas significant decrease was evidenced in neu-
tralizing antibody titers on MRC-5 fibroblasts (2.3- to 5.4-
fold decrease in presence of complement, all p_values
=0.016; 3- to 10-fold decrease in absence of complement, all
p_values <0.001).

With respect to the neutralizing antibody titers on ARPE-
19 epithelial cells in presence or absence of complement
(FIG. 4, panel A and B), no significant difference was
detected between the tested adjuvants and the MF59 bench-
mark. With respect to the neutralizing antibody titers on
MRC-5 fibroblasts in presence of complement (FIG. 4, panel
C), the neutralizing antibody titers induced by PAA and
GLA-SQEM were significantly higher than those induced by
MF59 (at least 3.4- to 11.9-fold higher, test of superiority,
unilateral Dunnet adjustment, all p_values <0.015).

Lastly, with respect to the neutralizing antibody titers on
MRC-5 fibroblasts in absence of complement (FIG. 4, panel
D), the neutralizing antibody titers induced by PAA and
AF04 were significantly higher than those induced by MF59
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(2- to 4.4-fold increase, test of superiority, unilateral Dunnet
adjustment, all p_values <0.019).

At day 257 (FIG. 5), i.e. 30 days after the 3rd injection,
neutralizing antibody titers in mice immunized with unad-
juvanted CMV-gB and pentamer increased significantly
compared to the titers detected at day 34 on ARPE-19 cells
(GMT=1062 or 815 on ARPE-19 cells with and without
complement, respectively). At the opposite, the neutralizing
antibody titers in mice immunized with unadjuvanted CM V-
gB and pentamer remained low on MRC-5 fibroblasts
(GMT=29 or 15 on MRC-5 fibroblasts with and without
complement, respectively).

In all adjuvanted sub-groups 3 except MF59, the neutral-
izing antibody titers detected at day 257 after the 3rd
injection were significantly higher than those detected at day
34 after the 2nd injection, whatever the cell type and
whatever the presence or absence of complement (all p_val-
ues <0.002).

At day 257, with respect to the adjuvant comparison to the
MF59 reference, all the adjuvants (i.e. PAA and AF04)
except GLA-SQEM induced higher neutralizing antibody
titers than MF59, whatever the cell type and whatever the
presence or absence of complement (test of superiority,
unilateral Dunnet adjustment, all p-values <0.05). Regarding
GLA-SQEM the induced complement dependent neutraliz-
ing antibody titers were significantly higher to those induce
by MF59 (5.3- or 8.9-fold higher in ARPE-19 or MRC-5
cells respectively, test of superiority, unilateral Dunnet
adjustment, all p_values <0.001), whereas in absence of
complement the induced neutralizing were not significantly
different, whatever the cell type.

At D208, i.e. up to 7 months after the 2"¢ injection the
composition comprising gB+Pentamer+AF04 or PAA or
GLA-SQEM give higher neutralization antibody levels than
a composition comprising gB+Pentamer+MF59, showing a
better persistence of the functionality of the antibodies. At
D257, 1 month after the boost, the measured neutralizing
antibody increase reflects the memory response and shows
higher titers for composition comprising gB+Pentamer+
AF04 or PAA or GLA-SQEM than a composition compris-
ing gB+Pentamer+MF59.

All these results show that the immunogenic composition

comprising gB+Pentamer+AF04 or PAA or GLA-SQEM
give higher neutralization antibody levels and persistence
than a composition comprising gB+Pentamer+MF59.
IgG1 and 1gG2¢ Antibody Responses CMV gB-specific and
pentamer-specific IgG1 and IgG2c¢ antibody responses elic-
ited by the CMV gB and pentamer antigens administrated
without or with different adjuvants were measured by
ELISA in individual serum samples collected from all
animals from subgroups 1, 2 and 3 at, respectively, days 34
(2 weeks after the second immunization), 208 (7 months
after the primary vaccination series) and 257 (1 month after
the booster injection at M7). Mean ELISA antibody titers
(log 10 EU) are depicted in FIG. 6. ELISA technique is
detailed in the material and method section.

With respect to the IgG1 and IgG2c¢ antibody responses
similar profiles were obtained irrespective of the CMV-
antigen specificity either gB or pentamer, whatever the
analyzed time-point.

Regarding IgG1 antibody titers, all the tested adjuvants
significantly increased the IgG1 antibody titers compared to
the unadjuvanted group. No significant difference was
shown for AF04 when compared to MF59, whatever the
antigen and the time-point. An adjuvant effect with signifi-
cantly lower IgG1 titers than MF59 was observed for PAA
at day 34 and 208 (at least 2.4-fold decrease, all p-values
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=0.045, test of difference, unilateral Dunnet adjustment) but
not at day 257 after the 3rd booster injection. Compared to
the MF59 reference, GLA-SQEM induced significantly
lower anti-gB IgG1 titers (at least 2.5-fold decrease, all
p-values =0.033, test of difference, unilateral Dunnet adjust-
ment) at all the tested time-point and lower anti-pentamer
IgG1 titers (at least 2.7-fold decrease, all p-values <0.005,
test of difference, unilateral Dunnet adjustment) at day 208
and 257. Regarding I1gG2c antibody titers, all the tested
adjuvants significantly increased the IgGG2¢ antibody titers
compared to the unadjuvanted group. An adjuvant effect
with significantly higher IgG2c titers than MF59 was
observed for all the tested adjuvants i.e. PAA, AF04 and
GLA-SQEM (at-least 11-fold higher; all p-values <0.001,
test of difference, unilateral Dunnet adjustment) either for
1gG2c¢ specific to gB or pentamer whatever the time-point.

ELISA IgG1/1gG2¢ Ratio

In order to evaluate the Th2/Th1 orientation, IgG1/I1gG2¢
ratios were calculated for all the adjuvanted groups and are
detailed in FIG. 7.

As shown in FIG. 7, the IgG1/IgG2c ratios calculated for
CMV-pentamer were lower than those calculated for CMV-
gB and tented to be constant whatever the time-point. The
squalene emulsion MF59 showed a Th2-biased response
profile with IgG1/IgG2 ratio 285 for CMV-gB or 218 for
CMV-pentamer, whatever the time-point. For all the other
tested adjuvants, lower IgGG1/IgG2c¢ ratios than MF59 were
obtained, with 1gG1/IgG2¢ ratio specific to gB Z 7.1 and
specific to pentamer =2.1 for AF04 and inferior or equal to
2.4 or 0.8 (specific to gB and pentamer, respectively) for
PAA and GLA-SQEM, indicating a more Thl-biased
response profile than the MF59 and that AF04, PAA and
GLA-SQEM are Thl-inducing adjuvants.

Cellular Response

ILS and IFN-y Cytokine Secreting Cells Monitored by
FLUOROSPOT

The ILS and IFN-y secreting cell frequencies were mea-
sured by FLUOROSPOT on splenocytes collected from all
animals from subgroups 1, 2 and 3 at, respectively, days 34
(2 weeks after the second immunization), 208 (7 months
after the primary vaccination series) and 257 (1 month after
the booster injection at M7). During the FLUOROSPOT
assay, each splenocyte suspension was ex-vivo stimulated
overnight with either 0.1 pg/ml of recombinant CMV-gB or
CMV-pentamer.

The FLUOROSPOT technique is detailed in the material
and methods section.

As shown in FIG. 8, at day 34, upon CMV-gB stimulation
(panel A), no or very low IL-5 secreting cell (SC) frequen-
cies were detected in all the groups (geometric mean <22
IL-5 secreting cells/10° splenocytes) except for the MF59
adjuvanted CMV-gB and pentamer group (geometric mean
of 60 IL-5 secreting cells/10° splenocytes). Similarly, no or
few IFN-y secreting cell frequencies were detected in all the
groups (geometric mean <20 IFN-y secreting cells/10° sple-
nocytes).

At the opposite, high cytokine secreting cell frequencies
were detected upon CMV-pentamer stimulation (FIG. 8,
panel B). With respect to the IL-5 secreting cells, high IL-5
SC frequencies were detected in mice administered with
MF59 (444 IL-5 SC/10° splenocytes). IL-5 secretions
detected in groups administered with PAA and GLA-SQEM
were significantly lower than those obtained with MF59
(p-values =0.002, test of difference, unilateral Dunnet
adjustment) whereas no significant differences were
recorded with AF04.

10

15

20

25

30

35

40

45

50

55

60

65

46

With respect to the IFN-y secreting cells frequencies, all
the tested adjuvants i.e. PAA, AF04 and GLA-SQEM a
significant 8- up to 29-fold increase of IFN-y production was
recorded compared to MF59 (all p-values <0.001, test of
difference, unilateral Dunnet adjustment).

At days 208, as shown in FIG. 8, both IL-5 and IFN-y
secreting cell frequencies were low, whatever the stimula-
tion antigen.

At day 257, both IL-5 and IFN-y responses upon CMV-gB
and CMV-pentamer stimulation increased as compared to
day 34, however the Th1/Th2 profiles were conserved. With
respect to the IL-5 secreting cells, high I[.-5 SC frequencies
were detected in mice administered with MF59 (268 and
2284 IL-5 SC/10° splenocytes upon CMV-gB or pentamer
stimulation, respectively).

IL-5 secretions detected in groups administered with
PAA, AF04 and GLA-SQEM were significantly lower than
those obtained with MF59 (p-values <0.003, test of differ-
ence, unilateral Dunnet adjustment).

With respect to the IFN-y secreting cells frequencies, all
the tested adjuvants i.e. PAA, AF04 and GLA-SQEM a
significant increase of IFN-y SC frequencies was recorded
compared to MF59 (all p-values =0.001, test of difference,
unilateral Dunnet adjustment). Taking together, all the tested
adjuvants induced a more Th-1 biased overall response
profile than MF59 consistent with the trend indicated by
1gG1/1gG2c ratio.

Consistent with the trend indicated by IgG1/IgG2c ratio,
taking together, all the tested adjuvants induced a Th-1
biased overall cellular response profile while MF59 induced
a Th2-biased overall cellular response profile.

IgG1 and 1gG2c Antibody Secreting Plasmablasts Moni-
tored by ELISPOT

The 1gG1 and 1gG2c antibody secreting plasmablast fre-
quencies were measured by ex-vivo FLUOROSPOT on
splenocytes collected from all animals from subgroups 1, 2
and 3 at, respectively, days 34 (2 weeks after the second
immunization), 208 (7 months after the primary vaccination
series) and 257 (1 month after the booster injection at M7).
During the ELISPOT assay, each splenocyte suspension was
deposited in wells coated either with recombinant CMV-gB
or CMV-pentamer to capture either IgG1 or IgG2c¢ specific
antibodies presented at the plasmablast cell surface. IgG1
and IgG2c CMV-gB and pentamer-specific Antibody Secret-
ing cells are enumerated and reported according the total
IgG secreting cells; percentage of either IgG1 or IgG2¢ on
total IgG are calculated. The FLUOROSPOT technique is
detailed in the material and methods section.

As presented in FIG. 9, the means of IgG1l antibody
secreting cells (ASC) frequencies at day 34 were ranging
between 3.8% and 20.12% without significant differences
between all the tested adjuvants. Regarding the 1gG2¢c ASC
frequencies, low % were detected when mice were admin-
istered with CMV-gB and pentamer adjuvanted with MF59.
At the opposite, CMV-gB and pentamer adjuvanted with
PAA, AF04 and GLA-SQEM induced significantly higher %
of IgG2c ASC than MF59 (all p_values <0.001, test of
difference, unilateral Dunnet adjustment), whatever the anti-
gen specificity either CMV-gB or CM V-pentamer.

As expected, with respect to the detected ASC at day 208,
responses were low, indicating that 6 months after the
primary vaccination series, low rates of -circulating
plasmablasts were detected in mouse spleens.

Thirty days after the 3rd injection (at day 257), the ASC
frequencies, either IgG1 or IgG2¢ specific to CMV-gB or
CMV-pentamer, increased as compared to day 208. Again,
the means of IgG1 ASC frequencies at day 257 were ranging



US 11,207,403 B2

47

between 3.1% and 9% without significant differences
between all the tested adjuvants. Regarding the 1gG2¢c ASC
frequencies, low % were detected when mice were admin-
istered with CMV-gB and pentamer adjuvanted with MF59.
At the opposite, CMV-gB and pentamer adjuvanted with
PAA, AF04 and GLA-SQEM induced significantly higher %
of IgG2¢ ASC than MF59 (all p_values <0.001, test of
difference, unilateral Dunnet adjustment), whatever the anti-
gen specificity either CMV-gB or CMV-pentamer.

IgG1 and IgG2c Antibody Secreting B Memory Cells
Monitored by FLUOROSPOT

The IgG1 and IgG2¢ antibody secreting cells frequencies
were measured by FLUOSPOT at day 34, 208 and 257 on
activated and enriched B cell splenocyte cultured for 4 days
upon in vitro stimulation with I[.-2 and R848. The FLUO-
ROSPOT technique is detailed in the material and methods
section.

As presented in FIG. 10, the means of IgG1 antibody
secreting cells (ASC) frequencies at day 34 were ranging
between 1.24% and 4.68% without significant differences
between all the tested adjuvants and with similar profiles
regarding the antigen specificity either CMV-gB or CMV-
pentamer. Regarding the I1gG2c ASC frequencies, low %
were detected when mice were administered with CMV-gB
and pentamer adjuvanted with MF59. At the opposite,
CMV-gB and pentamer adjuvanted with PAA, AF04 and
GLA-SQEM induced significantly higher % of IgG2¢c ASC
than MF59 (all p_values <0.001, test of difference, unilateral
Dunnet adjustment), whatever the antigen specificity either
CMV-gB or CMV-pentamer.

With respect to the detected ASC at day 208, B memory
cells were detected mainly for IgG1 ASC specific to CMV-
pentamer with % ranging from 1.6% to 3.24% indepen-
dently of the tested adjuvant. Regarding the 1gG2¢ ASC
frequencies, low % were detected when mice were admin-
istered with CMV-gB and pentamer adjuvanted with MF59.
At the opposite, CMV-gB and pentamer adjuvanted with
PAA, AF04 and GLA-SQEM induced significantly higher %
of IgG2¢ ASC than MF59 (all p_values <0.001, test of
difference, unilateral Dunnet adjustment).

Thirty days after the 3rd injection (at day 257), the means
of IgG1 ASC frequencies were ranging between 1.1% and
3.75% without significant differences between all the tested
adjuvants.

Regarding the IgG2c ASC frequencies, low % were
detected when mice were administered with CMV-gB and
pentamer adjuvanted with MF59. At the opposite, CMV-gB
and pentamer adjuvanted with PAA and GLA-SQEM
induced significantly higher % of IgG2c ASC than MF59
(all p_values <0.001, test of difference, unilateral Dunnet
adjustment), whatever the antigen specificity either CMV-
gB or CMV-pentamer.

These results show a higher memory response level with
a composition comprising gB+pentamer+PAA or AF04 or
GLA-SQEM than a composition comprising gB+pentamer+
MEF59. It is clear also that this higher memory cell frequency,
which is known to be the mediator of the protection persis-
tence, keeps a predominant Thl-type response profile.

Example 2

Complementary Effect of the Two Antigens

In a design of experiment study the inventors studied the
combined dose-ranging effect of the two antigens in pres-
ence of PAA adjuvant. For that purpose 11 groups of 10
female C57/B16] mice received by intra-muscular route on
days 0 and 22 doses ranging from 0 to 5 pg of CMV-gH/
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gl/UL128/UL130/UL131 pentamer with or without doses
ranging from 1.2 to 5 ng of CMV-gB in presence of PAA
adjuvant. The antibody response was assessed by ELISA
specific to gB and gH/gl/UL128/UL.130/UL131 pentamer
(IgG1/IgG2c subclasses) and neutralization assays on D22
(with complement, on ARPE-19 epithelial cells) and D35
(with and without complement, on MRCS5 fibroblasts and
ARPE-19 epithelial cells). The cellular response was
assessed on D35 by IFN-y ELISPOT upon in-vitro stimu-
lation with gB and pentamer recombinant proteins and
pentamer peptide pools.

The neutralizing activities monitored either on epithelial
cells ARPE-19 or fibroblasts MRC-5 presented similar pro-
files, with higher neutralizing titers recorded on epithelial
cells than fibroblasts (2- to 5-fold higher titers in ARPE-19
than MRC-5 cells).

On day 20, (FIG. 11), i.e. 20 days after the 1% adminis-
tration, the neutralizing antibody titers inhibiting both epi-
thelial cells and fibroblasts infection in presence of baby
rabbit complement increased depending on the administered
dose of gB and gH/gl/UL128/UL130/UL131 pentamer. A
higher neutralizing titers increase was evidenced when the
gB concentration increased. As depicted in FIG. 11, the radar
plot is oriented according to the gB dosage rather than the
pentamer dosage. Therefore, a significant linear effect of the
addition of gB on the top of gH/gl./UL.128/UL.130/UL131
pentamer was observed for neutralizing activities monitored
on epithelial cells and on fibroblasts (p=0.014 on epithelial
cells and p=0.006 on fibroblasts).

In conclusion, in presence of complement, the addition of
the gB on the top of pentamer allows to increase the SN titers
on both epithelial and fibroblast cells.

On day 35, i.e. 14 days after the 2nd administration, high
neutralizing antibody titers inhibiting both epithelial cells
and fibroblasts infection in presence of baby rabbit comple-
ment were detected whatever the administered doses of
either gB or gH/gl/UL128/UL130/UL131 pentamer. The
detected neutralizing activities were at a plateau with no
significant dose effect for neither the pentamer nor the gB
(all p-values=0.240) (FIG. 12A).

On day 35, the complement independent neutralizing
activities inhibiting both epithelial cells and fibroblasts
infection in absence of baby rabbit complement was also
monitored. As depicted in FIG. 12B, in absence of comple-
ment the radar plot is oriented according to the pentamer
dosages rather than the gB dosages, therefore the comple-
ment independent neutralizing antibody titers highly
increased when the gH/gl./ULL.128/UL130/UL131 pentamer
dose increased. No significant dose effect of the gB was
evidenced whereas a significant linear and square effect was
evidenced for the gH/gl./UL128/UL130/UL131 pentamer
increasing doses (p=<0.009 for both the neutralizing titers on
ARPE-19 and MRC-5 cells).

In conclusion, in absence of complement, the addition of
the pentamer on the top of gB allows to increase the SN titers
on both epithelial and fibroblast cells Thus, complementary
effect of the two antigens was evidenced by their respective
effect on the neutralizing antibody response quality. With
respect to the analysis of the functional humoral responses,
i.e. the complement dependent and independent neutralizing
antibodies, it was demonstrated that the combination of the
two antigens provided an extended mode of action for virus
neutralization. CMV-gB allows increasing neutralizing anti-
body titers on epithelial cells and fibroblasts in presence of
complement and CMV-gH/gl/UL128/UL130/UL131 pen-
tamer allows achieving complement independent neutraliz-
ing antibody on epithelial cells and fibroblasts.
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Moreover, this broadening property of the CMV-gB and
CMV-gH/gl /UL128/UL130/UL131 pentamer combination
was also noticed on the induced cellular responses. As
depicted in FIG. 13 panel A, specific IFN-y cellular response
was detected in splenocytes from mice administered with
CMV-gB and CMV-gH/gl /UL128/UL.130/UL131 pentamer
formulated with PAA adjuvant. Higher specific IFN-y cel-
Iular response was detected upon ex-vivo stimulation with
CMV-gH/gl /UL128/UL130/UL131 recombinant pentamer
than CMV-gB recombinant protein. In order to define the
cellular epitopes within the CMV-gH/glL.UL128/UL130/
UL131 pentamer, splenocytes from mice administered with
CMV-gB and CMV-gH/gl /UL128/UL.130/UL131 pentamer

10

50

formulated with PAA adjuvant were also ex-vivo stimulated
with 15-mer peptides pools covering the sequence of each
individual protein constituting the pentamer, i.e. gH, gL,
UL128, UL130 and UL131. As depicted in FIG. 13 panel B,
sustained specific IFN-y cellular response was detected for
all the peptides pools covering the sequence of each indi-
vidual protein constituting the pentamer except UL128 for
which the detected IFN-y cellular response was low for most
of the tested mice.

In conclusion, the addition of the pentamer on the top of

gB allows to increase the IFN-y cellular response by broad-
ening the number of cellular epitopes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 806

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: gB antigen

<400> SEQUENCE: 1

Thr Ala Thr His Ser His

10

Ser Ser Thr Arg Gly
1 5

Ser

Thr Thr Ala

20

Ala Ser Ser Val

25

Ser His Ser Arg Gly

Thr Gln Thr Val His Val Asn Glu

40

Ser Ser

35

Ser Gly

45
Thr Thr
50

Leu Lys Tyr Gly Asp Val Val Gly Val Asn

Val Met Ala Gln Thr

75

Ser
70

Pro
65

Tyr Arg Cys Gly Asp

Glu Ile Val

85

Arg Asn Cys Thr Ser Met Lys Pro Ile

90
Glu Ile
100

Asp Gly Met Val Val Tyr Lys Asn Ile

105

Arg

Phe Val

115

Lys Arg Val Tyr Gln Lys Val Leu Thr Phe

120

Ala Ile Thr Thr Asn

140

Tyr His Leu Leu Ser

130

Tyr
135

Gly

Ala
145

Met Glu

150

Ile Ile Asn Ser

155

Pro Pro Trp His His

Ser Val Ile Ala Thr Val

165

Tyr Ser Ser Tyr Arg Gly

170
Glu Thr
185

Ser Asn Met Gln Leu

180

Arg Asp Tyr Lys

Asn Thr His Ser Thr Val Thr Val

195

Ser Arg

200

Tyr

Thr Glu Thr

220

Ser Ser Leu

210

Arg Gly Trp

215

Tyr Arg

Met Val Thr Ile Thr

230

Cys Thr Ala Ser

225

Arg Lys

235

Tyr

Phe Ala Thr Thr

245

Ser Gly Asp Val Val Asp Ile Ser

250
Thr

Ala Phe

265

Gly Asn Arg Asn Ser Glu Asn

260

Tyr Gly

His

Ser

Thr

Thr

Leu

Asn

Val

Arg

125

Thr

His

Phe

Met

Lys

205

Cys

Pro

Pro

Ala

Ser

Gln

Ser His

15

Arg Val

30

Ile

Thr

Ile

Glu

Ala

Tyr Asn

Lys Tyr

Phe
80

Arg

Asp Leu

95

His Thr

110

Arg

Glu

Ser

Val

Pro

Ser Tyr

Tyr Val

Gln Cys

160

Ala
175

Tyr

Asp Asp

190

Asp

Asn

Tyr

Phe

Asp

Gln Trp

Leu Asn

Phe
240

His

Tyr Asn

255

Lys Phe

270
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52

Phe

Ser

Ser

305

Leu

Asp

Lys

Asp

Gln

385

Gly

Leu

Thr

Glu

Thr

465

Trp

Lys

Ala

Ile

Ser

545

Asn

Leu

Ile

Lys

Ala
625
Leu

Glu

Glu

Ile

Ala

290

Val

Thr

Ser

Lys

Glu

370

Thr

Leu

Glu

Gln

Ser

450

Leu

Cys

Ile

Ala

Asn

530

Pro

Ser

Leu

Phe

Arg

610

Leu

Tyr

Ile

Asp

Phe

275

Leu

Ile

Phe

Tyr

Gln

355

Ala

Tyr

Val

Arg

Thr

435

Val

Arg

Val

Asn

Arg

515

Gln

Gly

Ser

Gly

Ile

595

Met

Asp

Ser

Met

Lys
675

Pro

Glu

Ser

Trp

His

340

Glu

Ile

Glu

Val

Leu

420

Ser

His

Gly

Asp

Pro

500

Phe

Thr

Arg

Tyr

Asn

580

Ala

Ile

Ile

Gln

Arg

660

Arg

Asn

Thr

Trp

Glu

325

Phe

Val

Asn

Lys

Phe

405

Ala

Thr

Asn

Tyr

Gln

485

Ser

Met

Ser

Cys

Val

565

His

Gly

Asp

Asp

Lys

645

Glu

Leu

Tyr

His

Asp

310

Ala

Ser

Asn

Lys

Tyr

390

Trp

Asn

Asp

Leu

Ile

470

Arg

Ala

Gly

Val

Tyr

550

Gln

Arg

Asn

Leu

Pro
630
Glu

Phe

Cys

Thr

Arg

295

Ile

Ser

Ser

Met

Leu

375

Gly

Gln

Arg

Gly

Val

455

Asn

Arg

Ile

Asp

Lys

535

Ser

Tyr

Thr

Ser

Ser

615

Leu

Leu

Asn

Met

Ile

280

Leu

Gln

Glu

Ala

Ser

360

Gln

Asn

Gly

Ser

Asn

440

Tyr

Arg

Thr

Leu

Val

520

Val

Arg

Gly

Glu

Ala

600

Ser

Glu

Arg

Ser

Gln
680

Val

Val

Asp

Arg

Lys

345

Asp

Gln

Val

Ile

Ser

425

Asn

Ala

Ala

Leu

Ser

505

Leu

Leu

Pro

Gln

Glu

585

Tyr

Ile

Asn

Ser

Tyr
665

Pro

Ser

Ala

Glu

Thr

330

Met

Ser

Ile

Ser

Lys

410

Leu

Ala

Gln

Leu

Glu

490

Ala

Gly

Arg

Val

Leu

570

Cys

Glu

Ser

Thr

Ser
650

Lys

Leu

Asp

Phe

Lys

315

Ile

Thr

Ala

Phe

Val

395

Gln

Asn

Thr

Leu

Ala

475

Val

Ile

Leu

Asp

Val

555

Gly

Gln

Tyr

Thr

Asp
635
Asn

Gln

Gln

Phe

Leu

300

Asn

Arg

Ala

Leu

Asn

380

Phe

Lys

Leu

His

Gln

460

Gln

Phe

Tyr

Ala

Met

540

Ile

Glu

Leu

Val

Val

620

Phe

Val

Arg

Asn

Gly

285

Glu

Val

Ser

Thr

Asp

365

Thr

Glu

Ser

Thr

Leu

445

Phe

Ile

Lys

Asn

Ser

525

Asn

Phe

Asp

Pro

Asp

605

Asp

Arg

Phe

Val

Leu
685

Arg

Arg

Thr

Glu

Phe

350

Cys

Ser

Thr

Leu

His

430

Ser

Thr

Ala

Glu

Lys

510

Cys

Val

Asn

Asn

Ser

590

Tyr

Ser

Val

Asp

Lys

670

Phe

Pro

Ala

Cys

Ala

335

Leu

Val

Tyr

Thr

Val

415

Asn

Asn

Tyr

Glu

Leu

495

Pro

Val

Lys

Phe

Glu

575

Leu

Leu

Met

Leu

Leu

655

Tyr

Pro

Asn

Asp

Gln

320

Glu

Ser

Arg

Asn

Gly

400

Glu

Thr

Met

Asp

Ala

480

Ser

Ile

Thr

Glu

Ala

560

Ile

Lys

Phe

Ile

Glu
640
Glu

Val

Tyr
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Leu

Thr

705

Gly

Pro

Arg

Asp

Asp

785

Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Arg

1

Leu

Thr

Arg

Tyr

65

Gln

Gln

Arg

Pro

Met

145

Ser

Gly

Phe

Asp

Leu
225

Val

690

Ser

Arg

Pro

Leu

Gly

770

Arg

Glu

Ser

Leu

Lys

Tyr

Asp

755

Gln

Leu

Glu

Ala

Gln

Gly

Thr

740

Ala

Thr

Arg

Glu

PRT

SEQUENCE :

Tyr Gly Ala

Leu

Thr

Glu

50

Val

Phe

Arg

Ser

Thr

130

Pro

Gly

His

Tyr

Phe
210

Ile

Leu

Gln

35

Asn

Phe

Leu

Leu

Phe

115

Thr

Pro

Leu

Asp

Leu

195

Phe

Phe

Asn

20

Cys

Ala

His

Asn

Asn

100

Ser

Val

Gln

His

Leu
180
Ile

Val

Gly

Asp

Ala

Pro

725

Asn

Glu

Gly

His

Asn
805

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: gH polypeptide

694

2

Glu

5

Thr

Thr

Ile

Met

Gln

85

Thr

Gln

Pro

Thr

Arg

165

Leu

Asp

Val

His

Gly

Pro

710

Gly

Glu

Gln

Thr

Arg

790

Val

Ala

Tyr

Tyr

Ser

Pro

70

Val

Tyr

Gln

Pro

Thr

150

Pro

Phe

Glu

Thr

Leu
230

Thr

695

Pro

Pro

Gln

Arg

Gln

775

Lys

Val

Gly

Asn

Phe

55

Arg

Asp

Ala

Leu

Pro

135

Pro

His

Ser

Leu

Val
215

Pro

Thr

Ser

Pro

Ala

Ala

760

Asp

Asn

Ser

Arg

Asn

40

Asn

Cys

Leu

Leu

Lys

120

Ile

His

Phe

Thr

Arg
200

Ser

Arg

Val

Tyr

Ser

Tyr

745

Gln

Lys

Gly

Glu

Pro

25

Ser

Phe

Leu

Thr

Val

105

Ala

Asp

Gly

Asn

Val
185
Tyr

Ile

Val

Thr

Glu

Ser

730

Gln

Gln

Gly

Tyr

Pro

10

Ile

Leu

Phe

Phe

Glu

90

Ser

Gln

Leu

Trp

Gln

170

Thr

Val

Asp

Leu

Ser

Glu

715

Asp

Met

Asn

Gln

Arg
795

Leu

Arg

Arg

Gln

Ala

75

Thr

Lys

Asp

Ser

Thr

155

Thr

Pro

Lys

Asp

Phe
235

Gly Asn Thr

700

Ser

Ala

Leu

Gly

Lys

780

His

Asp

Phe

Asn

Ser

60

Gly

Leu

Asp

Ser

Ile

140

Glu

Cys

Cys

Ile

Asp
220

Lys

Val

Ser

Leu

Thr

765

Pro

Leu

Lys

Leu

Ser

45

Tyr

Pro

Glu

Leu

Leu

125

Pro

Ser

Ile

Leu

Thr
205

Thr

Ala

Tyr

Thr

Ala

750

Asp

Asn

Lys

Ala

Arg

30

Thr

Asn

Leu

Arg

Ala

110

Gly

His

His

Leu

His
190
Leu

Pro

Pro

Lys

Asn

Ala

735

Leu

Ser

Leu

Asp

Phe

15

Glu

Val

Gln

Ala

Tyr

95

Ser

Glu

Val

Thr

Phe

175

Gln

Thr

Met

Tyr

Asp

Ser

720

Ala

Val

Leu

Leu

Ser
800

His

Asn

Val

Tyr

Glu

80

Gln

Tyr

Gln

Trp

Thr

160

Asp

Gly

Glu

Leu

Gln
240
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56

Arg

Leu

Asp

Leu

Gly

305

Tyr

Gln

Ile

Thr

Trp

385

Tyr

Leu

Ala

Ser

Phe

465

Thr

Thr

Thr

Leu

Asp

545

Ser

Ile

Thr

Thr

Ala
625

Ile

Asp

Asp

Val

Phe

Leu

290

Arg

Ala

Val

Gln

Leu

370

Thr

Ile

Arg

Ser

Leu

450

Ile

Gln

Pro

Arg

Ser

530

Leu

Glu

Ser

Gln

Thr

610

Phe

Asn

Pro

Asn

Lys

Leu

275

Arg

Cys

Leu

Ser

Glu

355

Leu

Pro

Leu

Gln

Phe

435

Val

Val

Leu

Cys

Leu

515

Ile

Phe

His

Tyr

Thr

595

His

Cys

Ile

Tyr

Phe

Lys

260

Asp

Asn

Gln

Ala

Val

340

Phe

Leu

Asn

Ser

Ile

420

Leu

His

Glu

Leu

Ser

500

Phe

Leu

Cys

Val

Pro

580

Asp

Ser

Gln

Met

Asn

Ile

245

Asp

Ala

Ser

Met

Leu

325

Pro

Met

Tyr

Gln

Lys

405

Ala

Ser

Ser

Thr

Ala

485

Ser

Pro

Ser

Leu

Ser

565

Val

Ser

Ile

Ser

Tyr
645

Glu

Leu

Gln

Ala

Phe

Leu

310

Phe

Arg

Ile

Pro

Ile

390

Gln

Asp

Ala

Met

Gly

470

His

Ser

Asp

Thr

Pro

550

Tyr

Ser

Gln

Thr

Ala
630

Met

Val

Arg

Leu

Leu

His

295

Asp

Ala

Ala

Thr

Thr

375

Thr

Asn

Phe

Phe

Leu

455

Leu

Pro

Gly

Ala

Met

535

Leu

Val

Thr

Thr

Ala
615
Leu

His

Val

Gln

Asn

Asp

280

Arg

Arg

Ala

Leu

Cys

360

Ala

Asp

Gln

Ala

Ala

440

Val

Cys

His

Arg

Thr

520

Gln

Gly

Val

Thr

Lys

600

Ala

Leu

Asp

Val

Thr

Arg

265

Phe

Tyr

Arg

Ala

Asp

345

Leu

Val

Ile

Gln

Leu

425

Arg

His

Ser

His

Arg

505

Val

Pro

Glu

Thr

Val

585

Cys

Leu

Glu

Ser

Ser

Glu

250

His

Asn

Ala

Thr

Arg

330

Arg

Ser

Asp

Thr

His

410

Lys

Gln

Thr

Leu

Glu

490

Asp

Pro

Ser

Ser

Asn

570

Val

Glu

Asn

Tyr

Asp

650

Ser

Lys

Ser

Tyr

Val

Val

315

Gln

Gln

Gln

Leu

Ser

395

Leu

Leu

Glu

Thr

Ala

475

Tyr

His

Ala

Thr

Phe

555

Gln

Gly

Leu

Ile

Asp
635

Asp

Pro

His

Tyr

Leu

Asp

300

Glu

Glu

Ala

Thr

Ala

380

Leu

Ile

His

Leu

Glu

460

Glu

Leu

Ser

Thr

Leu

540

Ser

Tyr

Gln

Thr

Ser

620

Asp

Val

Arg

Glu

Leu

Asp

285

Val

Met

Glu

Ala

Pro

365

Lys

Val

Pro

Lys

Tyr

445

Arg

Leu

Ser

Leu

Val

525

Glu

Ala

Leu

Ser

Arg

605

Leu

Thr

Leu

Thr

Leu

Lys

270

Leu

Leu

Ala

Ala

Leu

350

Pro

Arg

Arg

Gln

Thr

430

Leu

Arg

Ser

Asp

Glu

510

Pro

Thr

Leu

Ile

Leu

590

Asn

Glu

Gln

Phe

His

Leu

255

Asp

Ser

Lys

Phe

Gly

335

Leu

Arg

Ala

Leu

Trp

415

His

Met

Glu

His

Leu

495

Arg

Ala

Phe

Thr

Lys

575

Ile

Met

Asn

Gly

Ala
655

Tyr

Val

Pro

Ala

Ser

Ala

320

Ala

Gln

Thr

Leu

Val

400

Ala

Leu

Gly

Ile

Phe

480

Tyr

Leu

Ala

Pro

Val

560

Gly

Ile

His

Cys

Val
640

Leu

Leu
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58

660

665

670

Met Leu Leu Lys Asn Gly Thr Val Leu Glu Val Thr Asp Val Val Val

675

Asp Ala Thr Asp Ser Arg

<210>
<211>
<212>
<213>
<220>
<223>

690

PRT

<400> SEQUENCE:

Ala

1

Cys

Asp

Asp

Ala

65

Leu

Ser

Glu

Cys

Thr

145

Arg

Tyr

Asp

Pro

225

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Pro

Lys

Gly

50

Ala

Leu

Ser

Cys

Arg

130

Glu

Val

Leu

Gly

Pro

210

Glu

Pro

Val

Glu

Tyr

35

Pro

Asn

Tyr

Asp

Gly

115

Gly

His

Val

Pro

Leu

195

Pro

Leu

Gln

Ser

Leu

20

Glu

Leu

Ser

Asn

Thr

100

Asp

Tyr

Val

Ala

Val

180

Tyr

Leu

Lys

Ala

PRT

<400> SEQUENCE:

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: gL polypeptide

248

3

Val

5

Thr

Ser

Ser

Val

Asn

85

Ala

Gly

Asp

Leu

Ile

165

Ser

Asn

Leu

Gln

Val
245

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: UL128 polypeptide

144

4

Ala

Arg

Trp

Gln

Leu

70

Pro

Pro

Ser

Leu

Gly

150

Arg

Thr

Ala

Arg

Thr

230

Asp

Pro

Arg

Leu

Leu

55

Leu

Asp

Arg

Pro

Thr

135

Phe

Asn

Ala

Val

His

215

Arg

Ala

680

Thr

Cys

Arg

Ile

Asp

Gln

Trp

Ala

120

Arg

Glu

Glu

Ala

Lys

200

Leu

Val

Arg

Ala

Leu

25

Pro

Arg

Glu

Leu

Met

105

Val

Leu

Leu

Ala

Ala

185

Glu

Asp

Asn

Ala

10

Leu

Leu

Tyr

Ala

Arg

90

Thr

Tyr

Ser

Val

Thr

170

Pro

Phe

Lys

Leu

Glu

Gly

Val

Arg

Phe

75

Ala

Val

Thr

Tyr

Pro

155

Arg

Glu

Cys

Tyr

Pro
235

Lys

Glu

Asn

Pro

60

Leu

Leu

Met

Cys

Glu

140

Pro

Thr

Gly

Leu

Tyr

220

Ala

685

Val

Val

Val

45

Val

Asp

Leu

Arg

Val

125

Arg

Ser

Asn

Ile

Arg

205

Ala

His

Pro

Phe

30

Thr

Thr

Thr

Thr

Gly

110

Asp

Ser

Leu

Arg

Thr

190

His

Gly

Ser

Ala

15

Gln

Gly

Pro

Leu

Leu

95

Tyr

Asp

Ile

Phe

Ala

175

Leu

Gln

Leu

Arg

Glu

Gly

Arg

Glu

Ala

80

Leu

Ser

Leu

Phe

Asn

160

Val

Phe

Leu

Pro

Tyr
240

Glu Glu Cys Cys Glu Phe Ile Asn Val Asn His Pro Pro Glu Arg Cys

1

5

10

15
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-continued

Tyr Asp Phe Lys Met Cys Asn Arg Phe Thr Val Ala Leu Arg Cys Pro
20 25 30

Asp Gly Glu Val Cys Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg Gly
35 40 45

Ile Val Thr Thr Met Thr His Ser Leu Thr Arg Gln Val Val His Asn
50 55 60

Lys Leu Thr Ser Cys Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly
65 70 75 80

Arg Ile Arg Cys Gly Lys Val Asn Asp Lys Ala Gln Tyr Leu Leu Gly

Ala Ala Gly Ser Val Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys
100 105 110

Ile Thr Arg Ile Val Gly Leu Asp Gln Tyr Leu Glu Ser Val Lys Lys
115 120 125

His Lys Arg Leu Asp Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gln
130 135 140

<210> SEQ ID NO 5

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: UL130 polypeptide

<400> SEQUENCE: 5

Ser Pro Trp Ser Thr Leu Thr Ala Asn Gln Asn Pro Ser Pro Leu Trp
1 5 10 15

Ser Lys Leu Thr Tyr Ser Lys Pro His Asp Ala Ala Thr Phe Tyr Cys
20 25 30

Pro Phe Ile Tyr Pro Ser Pro Pro Arg Ser Pro Leu Gln Phe Ser Gly
35 40 45

Phe Gln Arg Val Leu Thr Gly Pro Glu Cys Arg Asn Glu Thr Leu Tyr
50 55 60

Leu Leu Tyr Asn Arg Glu Gly Gln Thr Leu Val Glu Arg Ser Ser Thr
65 70 75 80

Trp Val Lys Lys Val Ile Trp Tyr Leu Ser Gly Arg Asn Gln Thr Ile
85 90 95

Leu Gln Arg Met Pro Arg Thr Ala Ser Lys Pro Ser Asp Gly Asn Val
100 105 110

Gln Ile Ser Val Glu Asp Ala Lys Ile Phe Gly Ala His Met Val Pro
115 120 125

Lys Gln Thr Lys Leu Leu Arg Phe Val Val Asn Asp Gly Thr Arg Tyr
130 135 140

Gln Met Cys Val Met Lys Leu Glu Ser Trp Ala His Val Phe Arg Asp
145 150 155 160

Tyr Ser Val Ser Phe Gln Val Arg Leu Thr Phe Thr Glu Ala Asn Asn
165 170 175

Gln Thr Tyr Thr Phe Cys Thr His Pro Asn Leu Ile Val
180 185

<210> SEQ ID NO 6

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: UL131A polypeptide

<400> SEQUENCE: 6
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62

-continued

Cys Gln Arg Glu Thr Ala Glu Lys Asn Asp Tyr Tyr

Ala Ala

25

Tyr Trp Asp Ser Leu Pro Gln

20

Cys Arg Asp

Val
35

Lys Tyr Glu Gln Leu Val Asp Leu Thr Leu Asn

40

Tyr
45

Ala Ser Phe Val

50

Asn Leu

55

Gly Leu Asp Asp Lys

60

Arg

Thr Glu Val Ser Leu Leu Ile Ser Asp Phe Arg Arg Gln

Gly Gly Thr Thr Thr Phe Asn Ala Ala

90

Asn Lys

85

Arg Gly

Pro His Ala Glu Phe Ser Val Leu Phe

105

Arg Ser Leu

100

Arg

Arg
Thr
30

His

Asn

Ser

Ala
110

Val Pro

Arg Tyr

Tyr Asp

Asn Val

Arg Arg

Leu Ala

95

The invention claimed is:
1. An immunogenic composition comprising:
an HCMV gB antigen, wherein said HCMV gB antigen is
a full length gB polypeptide, a full length gB polypep-
tide lacking at least a portion of the transmembrane
domain, a full length gB polypeptide lacking at least
80% of the amino acid sequence corresponding to the
transmembrane domain, a full length gB polypeptide
lacking at least a portion of the intracellular domain, a
full length gB polypeptide lacking at least 80% of the
amino acid sequence corresponding to the intracellular
domain, or a full length gB polypeptide lacking at least
80% of the amino acid sequence corresponding to both
of the transmembrane domain and the intracellular
domain;
an HCMV gH/gl/UL128/UL130/UL131 pentameric
complex antigen, wherein in the said HCMV gH/gl/
UL128/UL130/UL131 pentameric complex antigen,
the gH antigen lacks at least a portion of the transmem-
brane domain; and
Thl-inducing adjuvant, wherein said Thl-inducing
adjuvant comprises a TLR-4 agonist, wherein said
TLR-4 agonist is E6020 (CAS number: 287180-63-6).
2. The immunogenic composition according to claim 1,
wherein said TL.R4 agonist is in combination with a delivery
system such as aqueous nanosuspension, calcium phosphate,
liposomes, virosomes, ISCOMs, micro- and nanoparticles,
or emulsions.
3. The immunogenic composition according to claim 2,
wherein said delivery system is an oil-in-water emulsion.
4. The immunogenic composition according to claim 1,
wherein said HCMV gB antigen comprises one or several
mutations at the endoproteolytic cleavage site.
5. The immunogenic composition according to claim 1,
wherein said HCMV gB antigen is gBdTm.
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6. The immunogenic composition according to claim 1,
wherein said gH comprises the ectodomain of the full length
gH encoded by UL75 gene.

7. The immunogenic composition according to claim 1,
wherein the HCMV gB and the HCMV gH/gl /UL128/
UL130/UL131 pentameric complex are the sole HCMV
antigens.

8. A HCMV vaccine comprising an immunogenic com-
position according to claim 1.

9. The HCMYV vaccine according to claim 8, wherein said
vaccine increases neutralizing antibody levels and/or per-
sistence.

10. The immunogenic composition according to claim 1,
wherein in the said HCMV gH/gl./ULL128/UL130/UL131
pentameric complex antigen, the gH antigen lacks at least
80% of the amino acid sequence corresponding to the
transmembrane domain.

11. The immunogenic composition according to claim 5
wherein said gBdTm comprises the amino acid sequence of
SEQ ID NO:1.

12. The immunogenic composition according to claim 1,
wherein gH comprises the amino acid sequence of SEQ ID
NO:2; gl comprises the amino acid sequence of SEQ ID
NO:3; UL128 comprises the amino acid sequence of SEQ
ID NO:4; UL130 comprises the amino acid sequence of
SEQ ID NO:5; and UL131 comprises the amino acid
sequence of SEQ ID NO:6.

13. The immunogenic composition according to claim 11,
wherein gH comprises the amino acid sequence of SEQ ID
NO:2; gl comprises the amino acid sequence of SEQ ID
NO:3; UL128 comprises the amino acid sequence of SEQ
ID NO:4; UL130 comprises the amino acid sequence of
SEQ ID NO:5; and UL131 comprises the amino acid
sequence of SEQ ID NO:6.
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